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FOREWORD

The American Astronautical Society held its second annual regional me_t-

ing as part, of the 129th meeting of the American Association for the Advance-

ment of Science in Philadelphia, Pennsy]va_ia, December 1962. The six

papers presented herein comprised Session II of the Special Astronautics

Symposium, "Scientific Satellites--Mission and Design," on December 27,

1969.
The ch_irma_ of Session II, "The Observatory Generation of Satellites,"

was Dr. John W. Townsend, Assistaa_t Director for Space Science and Satel-

lite Operations, NASA Goddard Space Flight Center. The papers are priated

in the order of presentation at the meeting, and it is hoped that the re_ter will

find materia_ of interest in all of them.

Technical Information Division

Goddard Space Flight Ceater

Greenbelt, Maryland

°**
III





CONTENTS

Foreword ................................................................

1. THE MISSION OF THE ORBITING GEOPHYSICAL OBSERVATORIES___

WILF13.ED E. SCULL

2. THE ENGINEERING DESIGN OF THE ORBITING GEOPHYSICAL

OBSERVATORIES ....................................................

GEORGE E. GLEGHORN

3. THE MISSION OF THE ADVANCED ORBITING SOLAR OBSERVATORY_

JOHN C. LINDSAY

4. ONE APPROACH TO THE ENGINEERING DESIGN OF THE ADVANCED

ORBITING SOLAR OBSERVATORY ..................................

ADOLPH J. CERVENKA

5. THE MISSION OF THE ORBITING ASTRONOMICAL OBSERVATORY__

ROBERT R. ZIEMER and JAMES E. KUPPERIAN, JR.

6. THE ENGINEERING DESIGN OF THE ORBITING ASTRONOMICAL

OBSERVATORY ......................................................

WALTER H. SCOTT

PAGE

iii

1

11

25

31

45

53



THE MISSION OF THE

ORBITING GEOPHYSICAL OBSERVATORIES

by

WIrFRED E. SCUrL*

, _ / _T_ Goddard Space Flight Center

The Orbiting Geophysical Observatories program

has two objectives. The primary obiectivc is to con-

duct large numbers of significant, diversified experi-

ments for making scientific and technological meas-

urements within the earth's atmosl)here, the magneto-

sphere, and cislunar space to obtain a better under-
standing of earth-sun relations and of the earth as a

planet. A secondary objective is to design, develop,

and have available for launching at regular intervals

a standard observatory-type oriented spacecraft con-
sisting of a basic system design that can be used re-

peatedly to carry large numbers of easily integrated

experiments in a wide variety of orbits. As a design

objective for the standard spacecraft, it is desired that

the spacecraft be capable of reliable operation for a

period up to one year in a wide variety of orbits from

near-earth circular to highly elliptical cislunar. The
current program consists of two missions: the Eccen-

tric Orbiting Geophysical Observatory (EGO), which

will be launched from the Atlantic Missile Range in
late 1963 ; and the Polar Orbiting Geophysical Observa-

tory (POGO), which will be launched in early 1964

from the Pacific Missile Range.

INTRODUCTION

'File National Aeronautics and Space Ad-

ministration is engaged in _t diversified research

program to acquire geophysical data relative

to phenomena in terrestrial and extraterrestrial

space. Experimental data in these programs

have been obtained from spacecraft launched

by a series of increasingly powerful launch ve-

hicles with the nature, scope, weight, number,

and degree of integration of experiments lim-

ited largely by the payload capacity of the

vehicles. These weight limitations caused

early spacecraft to be tightly integrated sys-

*OGO Project Manager. Goddard Space Flight
Center.

tems of experiments and basic spacecraft

subsystems, with resultant difficulties in dis-

assembly and repair or replacement of assem-

blies if discrepancies occurred during checkout

or testing. These early spacecraft weighed 3

to 40 pounds, carried experiments that were

largely exploratory in nature, and were inte-

grated so closely with the spacecraft that it

was hard to differentiate between experiment

instrumentation and spacecraft subsystems.

Examples of these early spacecraft are: Ex-

plorers I, III, and IV; Vanguards I and II;

and Pioneers III and IV._

As launch vehicles became more powerful,

heavier spacecraft carrying from several to a

dozen major experiments evolved. Experi-

ments on these spacecraft were designed largely

to investigate in more detail the phenomena

crudely surveyed--in some cases, discovered--

by the experiments in earlier spacecraft. These

heavier spacecraft could be divided into sub-

systems, but it was still necessary to employ a

high degree of integration of experiments and

spacecraft stibsystems to utilize all of the lim-

ited launch vehicle capability. The spacecraft

were basically systems for single missions in

that considerable mechanical, electrical, and

thermal redesign and rebuilding were necessary

to fly a different set of experiments in a space-

craft of the same basic design. Examples of

this class of spacecraft are : Explorers VI, VII,

?Explorers I, III, and IV (1958al, 1,0_5871, 1958el)
and Vanguard I (1958fl2) were launched by other gov-
ernment agencies. Vanguard II (1959al) and Pio-
neers III and IV (195881 and 1959p) were launched by
NASA.
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VIII, X, XI, and XII; and Pioneers I, II,
and V.*

Both of these types of spacecraft will con-

tinue to play a role in the space sciences progTam

for a number of years. They will be used to

carry small numbers of somewhat specialized

experiments into orbits that precisely meet their
requirements.

The observatories are third-generation re-

search spacecraft. These spacecraft, which

make possible the conduct of large numbers of

experiments to investigate geophysical phe-

nomena in still more detail, resulted from the

concept of spacecraft as standardized containers

or carriers for experiments. For 'the observa-

tories, more complex experiments can be de-

signed to investigate independently the various

parameters of a phenomenon and to search for

new phenomena that are more difficult to detect.
In addition, because of the increasing payload

weight capability of the launch vehicles, i't was

possible to think of experiments and spacecraft

subsystems as separate portions of the same

system, with the capability existing to integrate

any of the subsystems into the entire system.

From this background, the ob,_err_a,to_?/concept

was developed.

The concept of an observatory allowed con-

sideration of a standard spaeecr_ft_standard

in the sense of incorporating a high degree

of flexibility for aeeommodating many types of

scientific and technological experiments and

of operating up to one year in a wide range of

orbits. In this manner, it would not be neees-

sary to design and develop a new spaf-ecraft for

each mission ; inste_ad, a spacecraft of the same

design with only minor modifications could be

used on successive missions to carry different

combinations of experiments. In addMon, the

observatory could be considered in terms of five

individual subsystems:

1. The basic structure of the spacecI_ft with-

in which the assemblies of other subsystems and

experiments would be mounted.

2. An atNtude control subsystem for orient-

ing the spacecraft properly to fulfill the direc-

tional requirements of various expe, riments.

* Explorers VI, VII, VIII, X, XI, and XII are respec-

tively designated 195981, 1959tl, 1.960_I, 1961K, 1.q61M,

and 1961vl : Pioneers I and V are 195_n and ]._d0a.

3. A thermal control subsystem to maintain

temperatures of the assemblies and experiments

within a desired operating range.

4. A power supply to supply electrical power

to the experiments and other subsystems.

5. A communications and data handling sub-

system to provide a degree of spacecraft control

from ,the ground, to prepare and store experi-

ment_tl _nd spacecraft operational data, and to

transmit these data to the ground.

The advantages that appear inherent in the

concept of a standardized observatory include

the following :

1. Capability of accommodating a large

nmnber of experiments per mission and of per-

forming frequm_t missions. The frequent mis-

sions and large mm_ber of experiments that may

be directly or indirectly related will allow

study and correlation of many phenomena at

the same time and same point in space. For

example, it will be possible to study simulta-

neously the relation between Solar events, the

solar i)l_ma, the earth's radiation belt, and the

earth's atmospheric structure.

'2. Provision of an attitude control subsystem

to control the orientations of experiments wierh

respect to several differmlt references.

3. Convenience to the experimenter in de-

signing his instrumentation by providing a

well-defined interface between the spa_mra.f¢

subsystems and the experiments, thereby allow-

ing each experimenter to integrate his instru-
ments with a mininmm of effort..

4. Improved reliability through repeated use

_nd constant stepwise improvemen*t of a basie

desi_m_ of spacecraft in follow-on missions.

5. Provision of conservatively designed

power, data handling, and thermal control sub-

systems for experiments, thereby allowing ex-

treme flexibility in their design.

6. Advantage of being able to handle a lim-

ited nmnber of relatively "high risk" experi-

ments ]ate in the program. These experiments

will represent a small percentage of the total

experiments.

7. hnproved operational efficiency through

the continued evolution and use of a ground

station network, operating procedures, and data

processing equipment and techniques.
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8. Reduced cost of follow-on missions, on an

experiment-pound basis, since development of a

new spacecraft for each mission will be avoided.

9. Simplified data acquisition and data reduc-

tion, since tracking and data reduction equip-
ment will be matched to a fewer number of

different spacecraft designs.

A number of ol)servatories are being devel-

oped for the NASA scientific research program.

These spacecraft include the Orbiting Geophys-

ical Observatory (eGO), the Orbiting As-

tronomical Observatory (OAO), the Orbiting

Solar Observatory (OSO), the Ranger, and the
Mariner. The first three observatories are

being developed as a part of the earth satellite

program of NASA's Goddard Space Flight

Center. The Ranger and Mariner are being de-

veloped as part of the lunar and planetary pro-

gram of the Jet Prol)ulsion Laboratory.

PROGRAM OBJECTIVES

The prJmaJ:_ objective of the Orbiting Geo-

physical Observatories (eGO) program, which

is a l)ar_ of the national space sciences long-

range program, is to conduct large numbers of

significant, diversified experiments fox" making

scientific and technological measurements with-

in the earth's atmosphere, the magnetosphere,

and cislunar space 'to obtain a better under-

standing of earth-sun relations and of the earth

as a planet. A secondary objective of the pro-

gram is to design, develop, and have available
for launching at regular intervals a standard

observatory-type oriented spacecraft consisting

of a basic system design that can be used re-

peatedly 'to carry large numbers of easily inte-

grated experiments in a wide ;car;cry of orbits.

As a design objective fox" the standard space-

craft, it is desired that the spacecraft be ca-

pable of reliable operation for a period up to

one year in a wide variety of orbits from near-

earth circular to highly elliptical cislunar.

During orbi'ta] operation, it is desired that por-
tions of the spacecraft be oriented toward and

away from tile earth and the sun, and forward

and aft in the orbital plane.

The current eGO program consists of two

different flight missions. The first mission, the

Eccentric Orbiting Geophysical Obser_vatory

(EGO), will be launched by an A_tlas Agena B

in late 1963 from the Atlantic Missile Range

into a highly eccentric orbit of approximately

31 degrees inclination. Its orbit will have a

nominal perigee and .apogee of 150 and 60,000

nautical miles respectively. This orbit will al-

low the observatory to traverse the radiation

belts twice each orbital period and to make geo-

physical measurements from the region near

the earth to interplanetary space. The orbital

period of EGO will be .about 42.8 bourn. A

"backup" EGO is also scheduled in the event of

a catastrophic or early failure of the first EGO.

The Polar Orbiting Geophysical Observator T

(POGO) will be the second flight mission in the

program. POGO will be launched into a polar

orbit in early 1964. Launching will occur with

a Thor Agena D from the Pacific Missile Range.

The POGO orbit, with perigee and apogee of
140 and 500 nautical miles respectively, will

allow detemfination of the ionosphere's char-

acteristics over ranges in latitude and altitude,

and the observation of many phenomena di-

rectly over the polar regions.

Overall weight of the observatories will be

approximately 1000 pounds, of which 150

pounds will be experiments and their associated

equipment.

Within the capacity of launch vehicles, fu-

ture geophysical observatories will be assigned

to specific orbits as required by the experiments.

In addition, advanced versions of the space:

craft design may have increased weight carry-

ing capabilities or may be launched into higher

orbits as launch vehicles of increased capability

are developed. The present eGO spacecraft is

designed with a growth potential such that it

can be expanded to an observatory of 1500

pounds. Most; of the increase in weight will be

available for experiments. Included in the

growth potential may be the capability of car-

rying and separating in orbit a 300-pound pick-

aback satellite to perform experiments requiring

an especially "pure" environment or experi-

ments that need large separations between two

of their parts.

Experiments anticipated for the eGO's in-

clude the following general types.

3
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1. Magnetic Fields--The magnitude, direc-

tion, and variations of the earth's magnetic

field and of interplanetary space will be

investigated.
2. Energetic Particles--The composition,

flux, directional characteristics, temporal varia-

tions, and energy spectrum of energetic par-

ticles (i.e., electrons, protons, gamma rays, etc.)
incident on the earth from outer space or

trapped in the earth's vicinity will be studied.

3. Dust--The composition, flux, and energy

spectrum of interplanetary dust in the earth's

vicinity will be investigated.

•4. Atmospherie Structure--The pressure,

temperature, composition, and density of the
terrestrial and cislunar atmospheres will be

studied.

5. Ionosphere--Electron and ion densities

and temperatures, and ion composition from
near the earth to interplanetary space, includ-

ing the effect of charged particles on the propa-

gation of radio waves, will be investigated.

6. Solar Physics--Solar monitors in the

ultraviolet, x-ray, and gamma ray regions will
be used in correlation with other measurements

to understand processes on the sun and their
effects on the earth.

7. Astronomy--Survey measurements in the

ultraviolet, x-ray, gamma ray, and very low

frequency regions of the spectrum will be made.

8. Meteorology--Observations of the earth
will be made with the aim of better understand-

ing the causes of "weather."

9. Planetary Tests--Instruments to measure

properties of planetary surfaces and environs

from planetary spacecraft will be tested on
these observatories.

10. Miscellaneous--Experimental observa-

tions of such things as night airglow radiations,

auroral radiations, vehicle charge, electric

fields, etc. will be conducted.

11. Technological--Tests of power supply,

thermal control, structural bearings, mechani-

cal and electronic components, etc. may be
conducted.

12. Biological--Test to establish the behavior

of various forms of life in a space environment

may be made.

;e

DESIGN REQUIREMENTS

The concept of a standardized observatory

capable of operating in many types of orbits

and carrying many different kinds of experi-

ments exerted a significant influence on the de-

sign requirements of OGO. For example, the

various experiments that required pointing in

geocentric and anti-geocentric, solar and anti-
solar, and orbital and contra-orbital directions

implied 5 degrees of freedom of the spacecraft.

In addition, experiments that might be affected

by disturbances generated in the main body of

the spacecraft imposed the requirement of

being mounted at various distances from the

main body of the spacecraft. These experi-

ments included magnetic field experiments,

whose accuracies would be affected by the small

amount of ferromagnetic material that would

be used in the spacecraft subsystems and by the

magnetic fields produced by incompletely can-

celled electric currents. Other experiments that

require mounting away from the spaeeeraft's

main body included the following: experiments

whose results would be influenced by the pres-

enee of a large mass nearby; experiments to

measure the properties of the ionosphere and

which required minimization of the effects of

the plasma sheath and electrostatic potential;

and experiments designed to measure proper-

ties of the atmosphere and which might be in-

fluenced by small amounts of gas evolved from

the subsystems or carried from one point to

another in space by semi-dosed trapping
volumes.

The 5 degrees of freedom necessary to accom-

modate the direetional requirements of the ex-

periments implied an active attitude coz_trol

system capable of reducing transients imposed

during orbital injection and separation of the

observatory from the launch vehiele; of effi-

ciently acquiring the sun, earth, and the orbital

plane during the initial sequence; of reaequir-

ing these references for a limited number of

times if any of the sensors lost its reference;

and of controlling the observatory during nor-

mal orbital operations. Desired pointing accu-

racies during orbital operation were as follows.

4
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-4-2 degrees
___5degrees, except it could be

_+20 degrees within 30 degrees of the noon
condition

Orbital ±5 degrees (POGO)
-+5 degrees (EGO), when the angular

orbital rates of EGO equaled or
exceeded the rates of POGO

A thermal control subsystem was necessary to

maintain the temperatures of assemblies within

the spacecraft's main body in the range of 5 °

to 35 ° C and the temperatm_s of assemblies

separated from the spacecraft's main body in

the range of 0 ° to 40 ° C.

A power supply subsystem capable of supply-

ing 50 watts of continuous average power for

experiments, plus the power for other subsys-

tems of the spacecraft, was necessary. This

average power for experiments consisted of 40

watts continuous average power plus an addi-

tional 40 watts on a 25 percent duty cycle.

A com_r_tnlcations and data handling sub-

system was necessary to provide the following

functions for a large number of experiments :

1. Process, store, and telemeter experimental

and spacecraft data.

2. Receive, decode, and execute ground com-
mands.

3. Radiate an RF signal that would enable
accurate determination of orbits.

4. Internally program the data handling sub-

system and any high-power experiments on
spacecraft having special programmers.

5. Generate both coded a_d uncoded timing

signals for use in the experiments and the space-

craft subsystems.

EXPERIMENTS

Experiments for the OGO's may come from

many sources--universities, government re-

search agencies, NASA, and industry. Re-

gardless of the source, all experiments will un-

dergo a series of steps to be fitted into the OGO

spacecraft :

1. Experimental techniques must be devel-

oped to determine suitability of such techniques

for use in the space program.

2. Experiments must be selected for each mis-
sion.

3. Prototype and flight instrumentation must
be fabricated.

4. Experiments must be tested to determine

their ability to withstand and operate under

environmental conditions imposed by the launch
and orbital environments.

5. Experiments must be integrated into the

spacecraft, and the spacecraft-experiment

combination must be operated as a complete

observatory system, including calibration (_:-

experiments and environmental testing of t he

observatory.

After completion of these steps and following

successful launch of the observatory, the experi-

menter must consider the following events:

1. Operation of his experiment in orbit as a

part of the observatory, and recovery of experi-
mental data.

2. Processing the experimental data into a

form suitable for analysis.

3. Analysis of the data, and publication of
results.

4. Feedback of information obtained during

each of these steps and from other programs

into the initial phases of preparation for the

next observatory.

Experiments proposed for inclusion in the

NASA Space Science Program are first sub-

mitted to the Director of the Office of Space

Sciences, NASA Headquarters, Washington,

D.C. Normally, this office supports initial de-

velopment of worthy experimental techniques
to determine their suitability for inclusion in

the flight program. At appropriate times, the

Office of Space Sciences selects experiments

and experimenters for particular flight pro-

grams. This process has been completed al-

ready for the EGO and POGO missions. Ex-

periments selected for EGO and POGO are
shown in Tables 1-1 and 1-2. As indicated

in these tables and as may have been inferred

from the orbital parameters of EGO, a large

number of the EGO experiments are in the cat-

egory of fields and energetic particles. Like-

wise, many of the experiments listed for

POGO are in the category of atmospheric and

ionospheric investigations. However, POGO

will also carry several fields and particles

experiments.
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TABLE 1--1

EGO Experiments _nd Experimenters

Experiment Title Principal Experimenter Phenomenon Observed

Solar Cosmic Rays ..........

Plasma, Electrostatic Analyzer ___

Plasma, Faraday Cup ...........

Positron Search and Gamma Ray

Spectrum.

Trapped Radiation, Scintillation

Counter.

Cosmic Ray Nuclear Abundance__

Cosmic Ray Spectra and Fluxes___

Trapped Radiation, Omnidirec-
tional Cdunters.

Trapped Radiation, Electron Spec-
trometer and Ion Chamber.

Rubidium Vapor and Flux Gate

Magnetometer.

Triaxial Search Coil Magnetome-

ter. Trap_ _Spherical Ion and Electron

Planar Ion and Electron Trap ....

Radio Propagation ..............

Atmospheric Mass Spectrum ......

Interplanetary Dust Particles ....

VLF Noise and Propagation .....

Radio Astronomy ..............

Geocoronal Lyman-Alpha Scatter-

ing.Gegenschein Photometry ........

I
I

K. A. Anderson, Univ. of Calif .....

M. Bader, Ames Research Center_

H. J. Bridge, Mass. Inst. of Tech_

T. L. Clinc and E. W. Hones,

Goddard Space Flight Center

and Inst. for Defense Analysis.

L. R. Davis, Goddard Space Flight

Center.

F. B. Mcl)onald, Goddard Space

Flight Center. /

J. A. Simpson, Univ. of Chicago___

J. A. Van Allen, State Vniv. of I

Iowa.

J. R. Winckler and R. L. Arnoldy,
l'niv, of .Minn.

J. P. Heppner, Goddard Space

Flight Center. [

E. J. Smith, Jet Propulsion Lab_ __

R.sSag:ly_. f._,,,_,, _,. F., Cambridge Re-

E. C. Whipple, Goddard Space

Flight Center.

R. S. Lawrence, Natl. Bureau of

Standards.

H. A. Taylor, Goddard Space

Flight Center.

W. M. Alexander, Goddard Space

Flight Center.

R. A. Helliwell, Stanford Univ .....

F. T. Haddock, Univ. of Michigan_

i
P. Mange, Naval Research Lab_ __1

C. L. Wolff and K. L. Hallam,

Goddard Space Flight Center.

Solar proton and x-ray flux,

energy, and variations.

Solar plasma flux, energy, and

direction.

Solar plasma flux, energy, and

direction.

Search for positrons and solar

gamma ray flux and spectrum.

Geonmgnetically trapped electron

and proton flux, energy, and
direction.

Primary and solar cosmic ray flux,

charge, and energy.

Primary and solar cosmic ray flux,

charge, and energy.

Geomagnetically trapped electron

and proton flux and energy.

Geomagnetically trapped electron

energy and flux and total ioni-

zation.

Magnetic field strength and direc-
tion.

Magnetic field low-frequency var-

iations.

Thermal charged particle density,

energy, and composition.

Thermal charged particle density,

energy, and composition.

Electron density.

Atmospheric composition.

Micron dust particle, velocity,

and mass.

VLF terrestrial noise, solar parti-

cle emissions, and cosmic noise

frequency, distribution, and

strength.

Solar radio-noise burst frequency

spectrum.

Lyman-alpha intensity.

Gegenschein intensity and loca-

tion.
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TABLE 1--_

POGO Experiments _nd Experimenters

Experiment Title

Radio Astronomy ...............

VLF Measurements ..............

VLF Measurements .............

VLF Emissions and High-Energy
Electron Bunches.

Search Coil Magnetometer .......

Rubidium Vapor Magnetometer __

Ionization Chambers: Cosmic Ray

and Polar Region Ionization

Survey.

Scintillation Telescopes; Energetic

Particles Survey.

Galactic and Solar Cosmic Rays___

Corpuscular Radiation in Auroral

and Polar Zones.

Trapped Radiation, Scintillation

Detector.

Air Glow Study .................

Lyman-Alpha and Air Glow Study_

Air Glow Study, UV Spectrom-

eter.

Neutral Particle and Ion Composi-

tion Study.

Positive Ion Study .............

Neutral Particle Study ..........

Micrometeorite ..................

Ionospheric Composition and UV

Flux.

Principal Experimenter Phenomenon Observed

F. T. Haddock, Univ. of Michigan_ Galactic emission at 2.5 and 3.0

Mc.

R. A. Helliwell, Stanford Univ ..... Terrestrial and other VLF emis-

sions in range of 0.2 to 100 kc.

M. G. Morgan and T. Laaspere,

Dartmouth College.

J. R. Winckler, Univ. of Minn.,

R. M. Gallet, Natl. Bureau of

Standards.

R. E. Holzer, UCLA, and E. J.

Smith, Jet Propulsion Lab.

J. P. Heppner, H. R. Boroson, and

J. C. Cain, Goddard Space

Flight Center.

H. V. Neher, Calif. Inst. of Tech.,

and H. Anderson, Jet Propul-

sion Lab.

J. A. Simpson, Univ. of Chicago___

W. R. Webber, Univ. of Minnesota_

J. A. Van Allen, State Univ. of

Iowa.

R. A. Hoffman, L. R. Davis, A.

Konradi, and J. M. Williamson,

Goddard Space Flight Center.

J. Blamont, Univ. of Paris, and

E. I. Reed, Goddard Space

Fligl!t Center.

P. M. Mange, T. A. Chubb, and

H. Friedman, Naval Research

Lab.

C. A. Barth, Jet Prop. Lab., and

L. Wallace, Kitt Peak Natl.

Observatory.

L. M. Jones and E. J. Schaefer,

Univ. of Michigan.

H. A. Taylor, Jr. and H. C. Brin-

ton, Goddard Space Flight Cen-

ter.

G. P. Newton, Goddard Space

Flight Center.

W. M. Alexander, C. W. Mc-

Cracken, O. E. Berg, and L.

Secretan, Goddard Space Flight

Center.

R. E. Bourdeau, Goddard Space

Flight Center.

Terrestrial and other VLF emis-

sions, and whistlers in range of

0.5 to 10 kc.

Relation between VLF emissions

and high-energy electron

bunches (5 to 100 kev).

Magnetic field fluctuations in the

low audio frequency range.

World magnetic survey.

Ionization and cosmic rays over

polar regions.

Energetic particles 0.3 to 30 Mev.

Energy spectrum and charged

particle composition of galactic

and solar cosmic rays.

Net down flux of corpuscular

radiation in the auroral zones

and over the polar caps.

Low-energy trapped radiation,

10 to 100 key electrons; 100

kev to 4.5 Mev protons.

Air glow in 6300A, 5577A, 3914A,

and near UV region.

Lyman-alpha and far UV air glow
measurements between 1230

and 1350A.

Air glow between ll00 and

3400A.

Neutral particle and ion composi-

tion, using Massenfilter mass

spectrometer.

Positive ions (1 to 6 and 7 to 45

amu), using Bennett mass

spectrometer.

Neutral particles, using Bayard-

Alpert ionization gage.

Mass, velocity, and charge of

micrometeorites.

Ionospheric charged particles,

using retarding potential

analyzer.
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Following the selection of experiments, sup-

port of the experimems is assumed by Goddard

Space Flight Center (GSFC). The experi-

menters and the OGO project staff work di-

rectly together to insure thatr the experimental

objectives are met. Al)proximately 9 months

before the schedu|ed launch dxte, prototyl)e ex-

periments will I)e hrought to GSFC to be

checked for compatibility with sl)acecraft simu-
latoI_s which simulate the electrical interfaces

that the experiment will see in the ob_rvatory.

In addition, _he prototype experiments will be

subjected to environmental tests of vibnltion,

shock, thermal-vacuum, temi)erature , leak (for

sealed units), acceleration, and ma_letic fields

to prove that the experiments are capable of

withstanding the rigot_ of launch and 'the space

environment, and to determine their ma_mtic

properties. Similar tests at lower test levels

will be conducted on the flight units of the ex-

periments.

Following testing at GSFC, exl)eriments will

be shipped to the prime contractor, Space Tech-

nology Laboratories, Inc., of Redondo Beach,

California, where the experiments will t)e given
additional bench and interfa('e checks hefore

integration into the observatory. The entire

observatory will then be exposed to a series of
enviromnental tests to determine that the entire

system will operate together without interfer-
ence and that it can withstand the launch and

space environments. Environmental tests will

be conducted with both a prototype and the

flight model observatories. After completion

of the environmental tests at the observatory

level, the observatory will be shipped to the

appropriate launch site, where it will undergo

detailed hangar checkout before being placed

on the launch vehicle. Successful completion

of "on-pad" tests of the launch vehicle and the

observatory together are required before launch
will be initiated.

TRACKING AND DATA ACQUISITION

Tffacking and data acquisition for the OGO

missions are the responsibility of Goddard

Space Flight Center. Tracking of the observa-

tories will be accoml)lished by a network of

tracking stations located throughout the world.

The overall goal of the tracking program is to

be able to determine for the experimenter the

1)osition of the observatory at any time within

a sphere of uncertainty having a radius of 1

km or less at perigee and 100 km or less at

apogee of EGO.
Data acquisition for both EGO and POGO

will be accomplished by special primary and

secondary stations. Selected stations will have

the capability to receive and record at maximum

data rates all data from the telemetry on OGO.

Primary tracking and acquisition sites are Ros-

nmn, North Carolina: and Fairbanks, Alaska.

Secondary sites are located in Australia; Johan-

nesl)urg, South Africa; and Quito, Ecuador.

All the primar 3' sites will have complete digital

and tone comnmnd capabilities. All the sec-

ondary sites and Minitrack stations will have

tone command capahilities. In addition, sec-

ondary sites that "see" injection of EGO or

POGO will have sufficient digital command

capabilities to command a backup observatory

deployment and acquisition phase. Injection of

EGO will occur near the northwestern tip of

Australia ; for POGO, injection will occur near

Madagascar. In both cases, injection will occur

during the second burn of the Agen% which

coasts in a transfer ellipse following first Agena

burn. Shroud separation will have occurred

following burnout of the first-stage Atlas or

Thor for EGO or POGO, respectively.

ORBITAL OPERATION

A flow diagram indicating the oper_,tion of

the OGO in orbit is shown in Figure 1-1. Cen-
tral control of the observatories will be from

Goddard Space Flight Center. Data links con-

necting GSFC with Rosman and Alaska will be

used to give some degree of real-time control
of the satellites. GSFC central will have com-

plete facilities to decommutate, extract, display,

analyze, and print all data from the telemetry.

It will not be necessary that all these functions

be performed in real time. However, real-time

performance to determine certain parameters,

especially for experiments, may be required at

specific times. Since the Rosman station, which

has an 85-foot parabolic antenna, can see EGO

approximately 50 percent of the time and be-
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l_low diagram for operation of the Orbiting Geophysical Observatory in orbit.

cause the OGO's are basically self-controlling
spacecraft_ the t_,ped data iol_,_ Roam_n real-

t;me approach will allow a large degree of con-

trol of EGO. For POGO, the real-time limita-
tions are more severe. Even with data links

from Rosman and Alaska to GSFC_ real-time

control of POGO may be limited to approxi-

mately 10 percent of the time. Teletype systems

to all the other stations will allow preplanned

commands from GSFC to be ready for trans-

mission to the observatories when they come
within range.

All data from the data acquisition stations

will be recorded on tapes and forwarded to

GSI_C for processing. However, both GSFC

and the primary sites will have PCM data han-

dling equipment. At (_SFC, this equipment

will be used to condition wide-band PCM sig-
nals, received via the link from Rosman and

Alaska, for computer entry and display. Like-
wise, a special purpose processor will condition

special purpose telemetry sigmds for entry and

display. The computer will be used to perform

automatic status checks on the spacecraft and

to .process, or refine, selected experiment out-

I)uts in real time. Control and display consoles

at GSFC will be used for timing, routing, and

display of the data, and for remote control of

the ground recorders and PCM data handling

equipment. Data such as time, station status,

status of the observatory communications and

data handling equipment, and the status of a

"pass" will be displayed continuously. Hard-

copy display of the status of the spacecraft

(housekeeping data) and a quick look at se-

lected experiment outl)uts will be provided by

a printer. The tape recorders will be used to

record the regenerated clean data from the out-
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put of the signal conditioner, and the raw un-

processed signal from the special purpose

telemetry. Time code will also be recorded

simultaneously with these signals.

GSFC will :also possess a command console
that will allow central control to "talk" to the

observatory in real time via the links to Rosman
and Alaska. This capability Will permit some

automatic real-time response to events occur-

ring ill space. The primary stations also will

have limited general purpose displays, together

with their PCM data handling equipment.

This equipment will l)rovide station operators

at these stations with sufficient quick-look ca-

pability for command verification, and will

permit cleaner signals to t)e transmitted via the
data link to GSFC. The result should be

greater system flexibility and reliability.

Tracking data obtained from the network of

Minitrack and t)rimary and secondary stations
will 1)e forwarded to GSFC for computation of

the orbital elements. Orbital predictions will

be cotnputed from these elements and will be

transmitted to the tra(,king sites to provide an-

tenna pointing information for the stations to

alh)w initial antenna acquisition at the begin-

ning of each pass.

Following transmission to GSFC of tapes on

which the telemetry signals are recorded at the

remote sites, the tapes will be catalogued and

processed. The general procedure will be to

produce noise-free master computer tal)es con-
taining all raw data and orbital data. Individ-

ual computer magnetic tapes will l)e produced

for each experimenter with the tapes containing

his experimental data, spacecraft performance

parameters, spacecraft orientation, orbital ele-

ments, and universal time. These tapes will I)e

forwarded to each experimenter for further

processing and analysis. The primary means

for disseminating new information to tile scien-

tific and teclmological space community will t)e

thl'ougli l)nblication in the oi)en literature.

In summary, the ()rbiting Geophysical Ob-

servatories are to be standardized, but flexible,

spacecraft composed of easily removable sub-

systems and well-defined interfaces for experi-

ments such that the OGO's should be capable
of use for a wide variety of missions in a num-
ber ot different orbits. Standardization and

flexibility in removing, replacing, or modify-

ing experiments have been keynotes in tile de-

sign of a system whose design should serve as

a carrier for experiments for several years. A

systems approach to the observatory, the launch

vehicle, and the tracking and data acquisition

should result in fulfilhnent of both the primary

and secondary objectives of the program.
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THE ENGINEERING DESIGN OF THE 
ORBITING GEOPHYSICAL OBSERVATORIES 

The Orbiting Geophysical Ohserviitory ha.; been 
designed iis a standard sp:ic.ecmft cn1)iiIile of carrying 
il large number of varied scientific csprriiiients 011 each 
Iiillnch. Miirgin built into the dedgn iiiiikes the oh- 
serriitory C:iI>iil)l<’ of opcwtion in ii variety of orbits. 

INTRODUCTION 

The Orbiting Geopliysic.nI Observatory 
( O ( i 0 )  is hiiig developetl 1 ) ~  Sp:i(*e Teclinol- 
ogy TAal)or:ito~.ics for (;otltlartl S p ~ e  Fliglit 
(’enter. Tlie iiiissioii of t l i t .  O(;O his I m i i  t l r -  
scribed by Mi-. Scull in the precetlilrp p p w .  

Tlie ol)sei.vatory iiiity 1)e c*oiisitlel~ed to lixve 
two p i r t s :  :i set of  esperiiiieiits, and :I I):isic 
spwecixft. Tlie set of cs ’ / ) r / . i / , len ts  n i l 1  I)e 
c.hosen on the 1)nsis of the missioli of the partic- 
nlar hiinch, iiicliiding siic.11 factors i t s  the orhit. 
season of the year. :iv:iil:il)ility of the experi- 
ment, and alloir-able weight hsed  on laiiiicli 

\-chicle capability. The sprc.rc/~nft miist I)e 
designed to nccommot1:ite ;I variety of esperi- 
ments, iip to  fifty per hiinch, providing an 
:ittitntle-st:~bilizetl platform with a proper me- 
c~lianicnl a n d  t1ierm:il eiivii*onineiit, electric. 
power, :ind provisioii for  c.ollec-tinp the esperi- 
l11entill (1:it:L :tiit1 tixtiCiiiiitt iiig it to tlie groiitid. 
1he  constraints 11 i t l i i i i  ivliirli tlie sl):trecixft 
must be tlesipiietl are provicletl I)y tlie typic-a1 
orbits of the incliiietl ec-cetiti.ic :ti it1 pol:ii* orbits 
of tlie EGO i i i i t l  PO(i0 niissions :tiid tlie char- 
wteristics of the .ltl:ts, Tlior, and Algeii:L 1:iiincli 
vehicles. 

1’articiil:ir iieetls of v:irioiis types of esperi- 
inents dictate certain specialized requirements 
for  the OGO. Certain of tlie experiments 

*OGO Progranl I)irec+or. Sp:i(ae ‘l’tv,linology 1,:ibor:i- 

r ,  

toriev, Inca. 

will be designed to look tonard the earth 
or sun, wliile others will be required to he ori- 
ented tliiwtly away fi-oni theso bodies. Other 
experiments iiiiist be oriented 1);iralleI t o  tlie 
plane of tlie oi-bit. The stal)iliz:ttioii srli(wir 
provides for  tliese iieetls tlii*oiigliont most of tlw 
oi-bit. 111 :idtlition, tlie seiisitivity of wiiie ex- 
periiiic>iit soiisoi*s iiiiikes i t  i iec~isary t o  isol:itt> 
tlieiii f i ~ > i i i  : i l l  other portions of the ol)sei<\ :i- 

tory: this i*rqiiii.es plac-iiig these expel-iinrnts oil 
long booiiis est ending froin tlie sp:iiw~~xft ‘5 

i i i i i i i i  Imtly. 
CONFIGURATION 

The observatory is s l io~vi i  in tlie tleployrtl 
c-onfigiirat ioii nor~ii:il for  orbit a1 operat i o i i  in 
Figiire 2-1. Ilie inniii box striictiire irie:isiit*es 
: i ~ ~ ~ ~ ~ ~ o s i i i i : i t e l ~  6 s 3 s :: feet. It5 size is l i r i i i t v ( l  

l)y tlie iicwssity to fit vitliin flie >5-iiivli di:iin- 
eter of f l i c  nosr f:iiring (Figiirr 2-2) :is \\ell :I\ 
hp we i gl I t restrict ions. 

o i i e  of t l l c b  :: s (i-foot f:ic.es is n1:ide to fac-e t lit) 

e:irtli. l r ~ ) o ~ i  this a i i d  tlie 3 x (i-fwt opposite 
face are iiioiinted those esperiiiients that are 
carried in the niiiin body. portion of the in- 
terior, 3O s I 6  s 21 inches between these two 
faces, is i q ) t  clear of spcecrxft  equipment to 
provide for exception:illy 1:iiye esperimr~nts. 
Most espei*inients inoiuitetl i n  t l i t  interior of thc 
main body fit within one of the fifteen 8 s 8 s 8- 
inch mounting voliiines provitietl o t i  each of the 
doors. 

‘rlir solill. :irt*ay is iiioiititetl i i i  :I sliiift t I i i 11  

pisses tliivitpli tlie two reiiixiiiing I:ii*ge f:ic*rs 
of tlie niain Imtly. Siiice the n imy iiirist IN> 
iii:iiiitiiiiie(l nor~lii:il to tlie incitleiit siitiliglit, 

r ’  
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ATTITUDE CONTROL GAS JETS GAS JET BOOM 

RADIATING SIDE 

4 - f t  BOOM EXPERIMENT 
CONTAINER 

SOLARARRAY A 
b :-&400 - M= HIGH GAIN ANTENNA 

4 -  ft BOOM EXPERIMENT 
CONTAINER 

120/136 Mc OMNIDIRECTIONAL 
ANTENNA 

SOEP 

I SIDE 
OPEP 

4 - f t  BOOM EXPERIMENT 
CONTAINER 22- f t  BOOM EXPERIMENT 

CONTAINER 
400 - Mc OMNIDIRECTIONAL 

ANTENNA 

\ /*- 22 - ft  BOOM 

/ ' 400 - Mc HIGH G A I N  ANTENNA 

FIGURE 2-1. Deployed OGO. 
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DESIGN OF O R B I T I N G  GEOPHYSICAL OBSERVATORIES 

FIGURE 2-2. Lateral vibration surrey test setup of 
folded OGO. 

these two faces never see the sun and may there- 
fore be used to radiate licat from the interior 
of the spacecraft. The amount of heat radiated 
is regulated by thermostaticwlly controlled lou- 
vers mounted on these faces xnd on one end of 
the body, which also is never exposed to direct 

Electric power for the observatory is pro- 
vided by silicon solar cells moinited on the solar 
arrays. Two 8 o l w  Oriented Bxperinxnt Pnck- 
crges (SOEP) for each array are provided for 
those experiments that must be oriented toward 
the sun. 

I sun1 ight . 

I 

I 
I Two booms. designed to accomniodate experi- 

ments especially sensitire to the proximity of I 

the spacecraft, are provided; each is 22 feet 
long. Four shorter experiment booms, 4 feet 
long, are provided for experiments whose sen- 
sitivity or look-angle requirements make mount- 
ing exterior to the spacecraft necessary. In 
addition, the tracking and telemetry antennas 
are mounted on booms to obtain proper antenna 
patterns and to remove them from the field of 

view of the body-mounted experiments. Gas 
nozzles for the attitude control system are also 
mounted on booms to increase the lever arm 
and thus to minimize the weight of gas required. 

A t  one end of the body, mounted on a shaft 
perpendicular to the solar array shaft, are two 
Orbit  Plme Experiment Package.v (OPEP) . 

the name implies, these packages are pro- 
vided for experiments that must be mounted so 
as to face parallel to the plane of the orbit. 

STRUCTURE 

The main body of the spacecraft is a rectan- 
gular prism approximately 6 feet long by 3 feet 
square. The panels that  form the sides are of 
a corrugated aluminum sandwich st,ructure. 
This type of construction \\*as chosen from 
among several alternatives as being the mini- 
mum-weight panel meeting requirements of 
stiffness, thermal conductivity, and ease of 
mounting experiments and spacecraft subsys- 
tems. 

Two of the sides and the ends of the body 
are perniniiently fixed to each other. The re- 
maining two sides are hinged in sections to 
permit access to the interior. Experiment :IS- 
semblies carried in the main body of the ob- 
servatory :we mounted on these "experiment 
doors." The fixed faces aiid an intercostal 
st riictiire nttnched between them provide moiin t - 
ing surfaces for the electronic assemblies of tlie 
spacecraft. Those assemblies that consume the 
most power are mounted on the fixed-side s i n -  
faces. These panels form an integid part, of 
the therrmil control system and serve to dissi- 
pate the heat by radiation. 

The observatory is attnclied to the Agen:~  
boost vehicle by an interstage truss structnre, 
which may be seen in Figure 2-2. The four 
inverted V's carry the load from tlie four ma- 
chined feet attached to the ol)ser\-atory to tlie 
upper ring of the Agena. 

The sp:~cecraft aiid iuterstxge are held to- 
gether during boost by a tension band with foul. 
shoes that clamp the nioanting feet to the mat- 
ing interstage. TTpoii receipt of the separntioir 
signal from the A4gen:~, explosive actuators re- 
1e:w the tension band and allow four coil 
springs to impart a separation velocity of 

13 
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.i f t  'see to the spacecraft. The d e 4 p  is siicli 
that the increment of angiilar velority ( h i e  to the 
c;ep:iratioii prowss is less tlinii 1 degree/sec 
iiiider the most adverse coiidit ioiiq. Keepin? 
this tiimbling relocity sinal1 minimizes the jol) 
of the attitude cotitrol system in  its initial ori- 
entation with respect to the earth and sun. 

The structure is designed to he sufficiently 
strong to support not only the loads deriving 
from the IOOO-poiiiid spacecraft for the initial 
EGO and POGO missions biit also to acconinio- 
tlnte an additionnl 500 poiinds for i i  growth ver- 
sion of the OCTO. The most serere design 
restraint 011 the structure. however. is the ri- 
h a t i o n  ocwirring dnring the boost phase of 
flight. In order that the spacecraft can be 
iiccom~iioclatecl on the Agenn lamicli vehicle. it 
inlist be folded to fit within tlie nose fairing: 
and in this configuration it must endare higli 
ribration levels. The striictariil iiiodel space- 
('raft has been vibrated to 1.5 times the expected 
laiincli enriroiimeiit, lending to  a iiiimber of 
tlec;ign improveiiients in tlie methocls of tying 
d0\1-11 the appendages :1nd tlie solar panels. 

The solar array (Figure 2-3) is constructed 
hy attaching solar cell modiiles to a relatively 
light aluminum friiiiiev-ork. To fit ivitliiii tlie 
shroud. the  addles iiirist be folded as i n  Figiire 
2-2. This resiilts j i i  :i ratlier sewre loading 
imder the v i h t  ion coiiclit ions tlescrihecl a lww. 
and i t  is tlii.: Ioacliiig that itiipose$ the most 
serere restrictions em tlie solnr arrap.  Tloca! 
stitfening of the frnmework 11e:ir some of the 
1 1 ~ l d d ~ ~ ~ 1 ~  points hiis been Iiecessitrv to hold tlie 
stresses wit liin the allowable 1 imits. 

The deployment of the several appendage? 
required for experinieiits and  spilcecraft eqnip- 
ment poses a11 interesting problem in clesipi 
verification. Since the cleploymeiit in  flight 
\rill O C C I I ~  iincler z e r o 4  co~iditions, a iiiiiiil~er of 
special tests hare heen derised to confirm that 
the  deployment mecliaiiisms will TTork properly 
: i n d  that the stresses in tlie 1)ooms will remain 
within boiinds. Iii n typical engineering test 
for one of tlie shorter lmms ( Figure5 2 4 ,  2-5, 
i ~ t i r l  2Wi) tlie ueiglit of tlie 1 ) ( ~ ) 1 1 t  i s  \i~pl)oi*tetl by 

:I piece of elastic cord appr.oximately ten times 
tlie length of tlie arm, fixed to a point directly 
:111ore tlie hinge. This effectively cancels the 

n 

i 

FICIJRE 2-3. Solar array panel. 

14 



b 

DESIGN OF O R B I T I N G  GEOPHYSICAL OBSERVATORIES 

i r' 

FIGURE 2-5. Short boom, deployment test experiment 
package no. 1, deploytxl. 

FIGURE 2-6. Short booms, deployment test experiment 
package no. 1. 

gravity force without adding to the forces tend- 
ing to  aid or retard the deployment motion. 
Tests of the longer booms have been conducted 
with the boom riding on air  bearings on a special 
smooth floor of poured epoxy resin (Fig- 
ure 2-7) .  

THERMAL CONTROL 

The thermal control system has been designed 
to keep the interior temperature of the spice- 
craft's main body within the specified liniits of 
5" to  35" C. Since the OGO may encounter 
eclipses up to  2 hours in length or miiy be con- 
tinuously in the s ~ i n  for months at a time, i t  was 
found necessary to employ :in active thernxil 
control system to  tissiire tli:it these limits are 
met. This is acconiplished by utilizing the fact  
that  the two fixed faces of the main box through 
\vhich the solar array shaft passes are ne~7er 
exposed to direct sunlight. Thus they may be 
used to  radiate intern:illy generated heat a\v:iy 
from the spacecraft. The remaining faces of 
the spacecraft :ire covered with multiple layers 
of aluminized Mylar, providing a nearly perfect 
insul:ition. The iimoiint of radiated heat is 
cwntrolled by thermost:~tically controlled 
louvers (Figure 2-8). Each of these louvers 

FIGLRE 2-S. Thermal control louvers. 

is :ictii:ited by :i bimetallic spring used hoth to 
sense the telliperiit1ire of the pinel beneath it 
and to provide the necessiry force to positioii 
the lonrer. Thiis, when the internal tempeix- 
tiire rises, (lie louvers are opened to :illow mow 
he:it t o  r:icli:ite awiy. When the teiiiper:itiii~ 
(Irops, tliey :ire closed to  contain it. 

the temperature could be controlled w i t h i i t  

iiisii1:iting the surfaces exposed to solar r:~di:i- 
t ion.  Tlie I-esults indica:itetl t l iat  i t  \\:is no t  

,111 early study was condncted to  see \vlIetlPr 
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possible to select the surface radiation proper- 
ties to keep the temperatures within the speci- 
fied limits. 

I t  has been found that all the external experi- 
ment packages can be controlled by a proper 
balance of Mylar insulation and radiating sur- 
faces with the use, in some cases, of thermo- 
statically controlled heaters. The situation in 
these cases differs from the m:iin body in that 
the sensors located in the external packages 
generate relatively little lieat compared with 
the assembly within the main body. They can 
therefore be kept to a low enough temperature 
when in the sunlight by a proper balance of 
radiating and insulated surfaces, but must be 
heated during periods when they are in ShadOlx-. 

The thermal control of the solar array must 
consider t-xo separate aspects : keeping the tem- 
perature minimal when in full sunlight to 
maximize the efficiency of the solar cells, and 
minimizing the temperature drop during 
eclipse. I t  is necessary to keep the minimum 
temperature reached above -140° C to avoid 
damage to the solar cells bemuse of the thermal 
stresses set up. This is accomplished by pro- 
viding sufficient thermal mass in the beryllium 
substrates of the solar modules to keep above 
this temperature at the end of a 2-hour eclipse. 
It is this requirement, rather than a structural 
strength requirement, tlint determines tlie thick- 
ness of the substrate. 

An electro-deposited optical coating is ap- 
plied to the glass corer slides, 6 mils thick, 
mounted on each cell to attenuate radiation 
abovo the blue region of the spectrum. This 
minimizes absorption of radiation in the red 
region of the spectrum, which would tend to 
raise the temperature without materially adding 
to the electric power generated. 

I n  addition to the corer slides, the back sur- 
face of the substrates is coated with a potassium 
silicate compound having R high emissivity and 
low absorbtivity to maximize the heat radiated 
from the panel, Figure 2-9. 

POWER SUPPLY 

The power supply consists of three major 
elements : batteries, solar array, ant1 chnrge reg- 

ulating and power distribution equipment. The 
battery is connected directly to the main 28- 
volt bus. which is distributed throughout the 

FIGURE 2-9. Solar cell modules. 

spacecraft. Power for experiments and other 
units activated by command is switched in a 
Command Distribution Unit. Power for units 
requiring voltages other than 28 volts is pro- 
vided by solid state converters. Converters are 
also used for those units for which tlie voltage 
regulation of the main bus (23.5 to 33.5 volts) 
is excessive. I n  addition, a 400-cycle converter 
is provided for the attitude control system. 

Synchronization signals a t  2461 cps are pro- 
vided to all converters. Since VLF experiments 
will be carried on OGO, these signals are pro- 
vided to assure that there will be bands of fre- 
quency in the VLF range that are free from 
noise generated by the power system. 

Two nickel-cadmium battery packs, each of 
12 amp-hr capacity, are used. Each battery 
consists of 22 prismatic cells and weighs about 
32 pounds. To hold tlie upper temperature to 
a minimum, the batteries are mounted directly 
on tlie radiating face of tlie main body. Half 
of each battery pack (Figure 2-10) is elec- 
trically connected in series with hal€ of the 
other pack, so that t.he lieat to be dissipated 
from each battery will be equalized between 
the t x o  radiating faces. The size of the battery 
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FIQURE 2-10. OGO battery pack. 

has been selected to limit the depth of dis- 
charge during eclipse to 75 percent for the rela- 
tively infrequent 2-hour eclipse in the EGO 
mission. I n  the near-earth POGO orbit-with 
more frequent, shorter eclipses-the discharge 
will be limited to 25 percent. 

The solar array consists of two solar paddles, 
each having 144 solar cell modules mounted 
on an aluminum frame. Each module contains 
112 gridded silicon solar cells of 10.5 percent 
efficiency in space. The 7 x 16 cell module is 
wired in series parallel. The total array can 
provide approximately 500 watts, which is 
equivalent to approximately 7 watts/sq ft ,  or 
4.8 watts/lb when beryllium substrates are used. 

The charge control scheme incorporates two 
current regulators, each maintaining a preset 
charge current to one of the batteries. A func- 
tional diagram of the charge control scheme is 
shown in Figure 2-11. The charging current 
is controlled by shunting a portion of the 
array through power transistors and thus re- 
ducing the current available from the array. 
These transistors are mounted on heat sinks at 
the outboard ends of the array. When the ar- 
ray is cold after an eclipse, control of the charge 
current is lost, and the battery voltage and load 
set the operating point. Control is regained 
after the array warms up, which should oc- 
cur within 10 minutes after leaving eclipse 
conditions. 

I 

The charge current rate may be chosen from 
one of several preset values by ground com- 
mand. This allo~vs the charge level to be se- 
lected to  fit the particular sunlight eclipse con- 
ditions that the spacecraft experiences. Since 
the ratio of eclipse time to total orbit time is 
predictable long in advance, command changes 
need be made only at  infrequent intervals. 
Various other sensors are provided to reduce 
the charge rate to a trickle charge level when 
the voltage reaches the proper level or when the 
battery temperature exceeds 9 5 O  F. When the 
battery temperature exceeds 125" F, indicating 
a battery failure, transfer relays operate to  
cause the remaining battery to control the en- 
tire solar array. Should both batteries fail, the 
system is caused to be operated directly from 
the solar array. 

ATTITUDE CONTROL 

The attitude control system serves to orient 
the spacecraft so that one experiment door faces 
the earth while the solar array is maintained 
perpendicular to the sun's rays. The local vert i- 
tal is sensed by a body-mounted infrared hori- 
zon scanner, while the direction of the sun is 
indicated by solar sensors mounted on the tips 
of the solar panels. As shown by the block 
diagram of Figure 2-12, error signals from 
these sensors are used to drive reaction wheels 
that provide the necessary torques for stabiliza- 
tion. The same signals are applied in parallel 
to gas jets, with dead bands adjusted so that 
the pneumatics are used only for large errors. 
Thus the gas torques effectively serve to re- 
move the secular momentum that may build up 
in the reaction wheels. The sun sensor signals 
are also used to control the drive mechanisms 
that cause the solar array to be oriented about 
its axis. 

The pneumatic system uses argon stored at  
3000 psi in a spherical titanium tank. Use of 
argon rather than nitrogen imposes a weight 
penalty of approximately 10 percent of the 
pneumatic system weight, but its use is never- 
theless desirable because the lighter molecular 
weight of nitrogen would cause interferei1c.e 
with certain experiments. The low pressure 
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_as, regulated to 50 psi, is piped to solenoid

valves and thence to nozzles on the gas booms

that provide 0.05 pound of force per nozzle.

The horizon scanner uses four tracking heads

thM are set with ol)tiea] axes 90 degrees i_part.

These tracking he:_ds track the edge of the earth.

and the logic is such that the scanner detemnines

the earth center when any three heads have

locked on. If one of the three heads being used

fails or if the sm_ appears in its field of view,

tho system 'mtomati('ally switches to the re-
(hnldant tracker. A feature of the horizon

scanner is that the scanning mirror l_wated (m

each t racking hea(l is rim(rated on flexure pivots,

so that the need for bearings with their assoei-

ated lubrication and sealing problems is
eliminated.

The sun sensor svstem incorporates both
('oarse and fine sensors. The fine sensor is a

silicon p-n radiation tracking transducer th'lt

provi(les two outputs ])roportiomfl to the error

si_'nals :fl)out <)rthogo_ml axes and 'l third out-

put indi<.,lting that the device is illuminate(1.

]n the normal mode of operation one of the

proportional si_znals controls the vehicle about

the yaw axis and the other si_na] ('ontrols the

1)addle rot'_tio_ about its shaft. The third sig-

nal is u_ed to switch the control inputs t() the
coarse sensors when the fi_le sensor is not illu-

minated. The coarse sensors are pre-irradiated
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FIGURE 2--11. Charge control system.
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silicon solar cells appropriately mounted and
masked to sense the direction of incident sun-

light.

The control system has three basic modes of

operation: the launch/boost mode, the acquisi-

tion mode, and tile normal control mode. The

launch/boost mode is maintained until ap-

proximately 9 minutes after separation from

the Agena vehicle. At that time, and after the

appendages have been deployed, the system is

switched into the first phase of the acquisition

mode by the spacecraft sequencing equipment

or by ground command. In the first phase of

the acquisition mode, the paddles are caused to
be slewed so that the solar cells face in the direc-

tion away from the OPEP end of the space-

craft. When this position has been reached,

the array is held fixed with respect to the body,

and the system enters the sun acquisition

phase. In this phase the spacecraft is caused

to acquire the sun operating from error signals

generated by the solar sensors. In addition,

an angular rate about the pitch axis of approx-

imately 1/_ degree/sec is initiated. The sun is

acquired (with output for rates of the Agena

within specification) within 10 minutes. In

addition to this, 15 minutes is allowed to assure
that the momentum stored in the reaction wheels

does not exceed the values required to enter into

the next phase. The earth search phase of ac-

quisition is initiated by a 29-minute timer that

limits the duration of the sun acquisition phase.

During this phase of operation the solar array

remains locked on the sun, and the horizon

scanner searches for proper lock on the earth.

Because of the small pitch rate introduced and

because of the geometry of the orbits, earth ac-

quisition is obtained within one orbit period.

When the earth is acquired, the system switches

into the normal mode of operation. The sys-

tem may be caused to return to the acquisition
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mode by ground command or when two or more 
horizon scanner heads are not tracking. 

Control of the OPEP position is accom- 
plished by a functionally sepilrttte control loop. 
I t  utilizes a single degree of freedom position 
gyro operating in a gyro-~oiiiI'"ssillg mode. 
The output axis of this gyro is kept itlong the 
local rertical by action of the main body con- 
trol system. The input axis detects the com- 
ponent of orbitiil rate \\-lien the OPEP is not 
properly aligned. The error signal oper:ites :I 

drive mechanism identical to the solar array 
drive mechanism to position the OPEP 
properly. 

The drive mechanisms referred to hare been 
developed for these space applications and fea- 
ture a 24,000: 1 gear reduction, with the final 
100 : 1 reduction being made by wabble gear 
(Figure 2-13). The driving gear is made to 

FIGURE 2-13. Wabble gear. 

wabble without rotating by a cam internal to 
the bellows. The point of mesh is thus caused 
to move around the periphery of the gears, and 
the output gear is caused to advance by an 
amount proportional to the difference in the 
number of teeth between the driving gear and 
the output gear. The bellows fitted to the drir-  
ing gear allo\\-s the high-speed gears to be 
hermetically sealed, eliminating the vacuum 
lubrication problem. The final gears are made 
of sintered bronze impregnated with niolybde- 
num disulfide and can operate indefinitely 

under hard vilct1II111 conditions with no further 
lubric a t '  1011. 

COMMUNICATIONS AND DATA HANDLING 

The communications and data handling sys- 
tem has been designed to provide for tracking 
and comniand functions for both spacecraft and 
experiments, and for telemetry for up to  50 
experiments (Reference 1). The main teleme- 
try system is a PCM system utilizing a 9-bit 
word and operating at three data rates (selected 
by command) ranging from 1000 to 64,000 
bits/sec. The communication system, includ- 
ing antennas, must be capable of operating over 
the wide range of distances typified by the EGO 
and POGO orbits. As Figure 2-14 shows, some 
slight modificat ions-dependent on the orbits 
to be floir-11-are made to the communication 
system. 

The tracking and command system is de- 
signed to be compatible with the NASA Mini- 
track Setwork as well as with the network of 
ground stations presently being constructed by 
G o d d d  Space Flight Center (GSFC)  . Both 
tracking transmitter and command receiver 
utilize the same onmidirectional antenna oper- 
ating at a 120/136 Mc region. For  the EGO 
Fission, two 100-milliwatt transmitters are used 
for normal operation with a 10-watt trans- 
mitter being switched on for 45-second intervals 
when required for more accurate tracking. 
Two redundant AM command receivers are 
used. The outputs are cross-strapped to the 
several decoders. Failure detection features 
are built into the receivers to allow the gain of 
one receiver to be doubled should the other fail. 

Two digital decoders will be used. Each has 
B separate address, but the outputs are com- 
bined in parallel so that command redundancy 
is assured. Each digital decoder is capable of 
rmeiving and decoding 254 commands. These 
commands are processed by a command distri- 
bution nnit and are used to control experiments, 
to change the modes of operation of the atti- 
tude control system, etc. A\ tone decoder, with 
a capability of receiving up  to 15 commands, is 
included. These commands may be utilized by 
the Minitrack Network or other stations that do 
not hare equipment for sending digital com- 
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mands. It is expected that these commands

will duplicate the more important commands

of the digital decoders and thus provide more

reliability through redundancy.
In addition to the 254 commands mentioned

above, other commands that are supplied di-

rectly to the data handling system are avail-
able; this allows for operation of the flexible
format feature.

The wide-band telemetry system is the major

data handling system of the OGO. It is com-

posed of two redundant data handling units

that operate with outputs transmitted to earth

in real time or connected to one of the two tape

recorders provided for storing data. The basic

telemetry format consists of 128 nine-bit words

in the main frame. Of these words, 116 are

available for experimental data; and the re-

maining 12 provide for synchronization words,

an indication of accumulated time, three sub-

commutators, and an indication of the telem-

EGO ONLY

OMNIDIRECTIONAL ON POGO r--N
(c) CONTROLLED BY COMMAND [ r--.-J

RElAy J-- .... 7

COMMAND _ COMMAND
OUTPUTS IDISTRIBUTIONI 1 I

!1 UN,T I I

i

etry system's mode of operation. One of the

128-word subcommutators is used for experi-

mental data; the other two are reserved for

spacecraft operating and functional data. It is

possible to command two special modes of op-

eration to provide data at accelerated rates:

One mode causes one of the spacecraft subcom-

mutators to substitute for experimental data in

the main frame ; the other mode provides for re-

placing the normal main frame with one of 32

combinations of selected outputs from several

experiments. By using the latter mode of op-

eration, called Flexible Format, a subgroup of

the experiments carried on a particular mission

may be operated when phenomena of special in:
terest occur.

The re_l-time telemetary may be run at 1000
to 64,000 bits/sec or at one intermediate rate se-

lected for the particular mission. The tape re-

corders are capable of storing 43.2 million bits.

Normal input rates are 1000 bits/sec for EGO
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and 4000 I)its/sec for POGO. The correspond- 
ing output ixtes are at 61,000 or 128.000 bits 
sec. 

Experiment data are routed to tlie telemetq 
system through :L patch panel that allows as- 
signment of digital and analog inputs to par- 
ticular word posit ions. Provision may also be 
made easily for super commutation and cross- 
strapping between telemetry units. 

I n  addition to generating the basic telemetry 
format, the timing units of the \\-ide-band sys- 
tem provide all the basic timing within the ob- 
servatory. The 2461-cps synchronizing signals 
for the converters are geiieratecl in these units, 
as is a set of timing signals clecimally related to 
each other and ranging from a pulse every 100 
seconds to 1000 pnlses/sec. 

The wide-band telemetv system can accept 
annlog data that are preconditioned to Iie be- 
tween 0 aiicl 5 volts. The data are routed via 
tlie patch panel to tlie input pates of the -1nalog 
Data. Handling 1-nits. These m i t s  sample tlie 
voltage as directed by the format geiierator and 
convert it to digital form with a quantization 
level of 20 millivolts. 

There are two transmitters for the wide-band 
telemetry system, each capable of operating at  
an output of 4 watts a t  400 Mc. Either trans- 
mitter can be commanded to transmit data over 
either the directional antenna or tlie omnidirec- 
tional antenna. The latter, providing an aclcli- 
tional gain of I:! decibels, is intendetl to be used 
for EGO orbits. 

A special purpose telemetry system capable of 
operating from an experiment whose output is 
an FRI signal varying from ROO to 100,000 cps 
is pro'ided. Two other modes of operation en- 
able the transmission of data from up to five 
standard subcarrier oscillators, or transmisjion 
of the output of the wide-band telemetry sys- 
tem. The latter mode is expected to be used 
only in the event of failure of both 4-w:itt trans- 
mitters. The special purpose traiismitter is 
rated at 1/2 watt at 400 Mc. 

SYSTEM CHECKOUT AND TEST 

The OGO has been designed to maximize the 
w e  of the spacecraft and telemetry system in 

checkout and test, and to minimize the use of 
liardware connections to tlie spacecraft. Test- 
ing has been implemented by coiistructing a 
System Test Stat ion. Figure 2-15, which serves 

F I G ~ R E  2-15. System test station. 

:IS a complete telemetry and ground command 
station. The station is self-propelled and is 
clesigned for cross-country road travel or for 
loading into military transport aircraft. It is 
capable of communicating witli tlie spacecraft 
orer distances up to 10 miles, operating on its 
o ~ n i  trnnsmitter. In addition to the van, sev- 
eral groups of equipment are used in the vi- 
cinity of tlie spacecraft to provide for battery 
cliarging, stimn lat ing experiments or spacecrnf t 
subsystems, and the like. 

The System Test Station in tlie  an consists 
of an R F  monitoring system. a command gener- 
ator and transmitter, a tape and strip chart 
recorder, basic instrumentation, telemetry de- 
coding and display equipment, and a seminuto- 
matic test station. Recently a 4006-worcl stor- 
age digital computer was added by GSFC to 
process experimental data in real time in order 
to effect rapid checkout. *ill equipment may be 
operated from the operator's console. Figure 2- 
16, whicli also lias data and status displays 2nd 
is provided wit11 \viiidows through \vhich tlie 
operator can observe the operations around tlie 
spacewaft on tlie test floor. 
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FIGURE 2-16. System test station operator’s console. 

The semiautomatic test equipment (SAT) ,  
Reference 2, enables test procedures to be car- 

ried out rapidly and repeatedly. Test proce- 
dures are stored in punched paper tape that is 
read by a photoelectric tape reader. The equip- 
ment is capable of sending commands to the 
spacecraft and controlling tlie data decoding 
equipment to observe the results on the space- 
craft of the receipt of the command. Data 
from the telemetry can be scrutinized to  see that, 
they fall within acceptable limits. Measure- 
ments may be taken at timed intervals to de- 
termine that tlie trend of data falls within 
proper limits. Use of the S A T  enables effi- 
cient use of operating personnel and tends to 
minimize operator errors. A t  the same time 
the system is flexible. Test routines may be 
altered by interchanging the order of tests, by 
introducing diagnostic programs, or by punch- 
ing a new program. 
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MISSION OF THE ADVANCED ORBITING 
SOLAR OBSERVATORY 

by 
JOHN C. LINDSAY* 

Goddard Space Flight Center 

The existence of life and activity on earth 
depends on solar energy. Interest in the sun is 
thus strongly motivated by a n  interest in the 
effects i t  produces on the earth, but i t  is also 
motivated by the fact that the sun is the only 
s ta r  we can hope to study at close range-an 
:irerage star whose study is necessary to our 
iniderstanding of other stars. 

The study of tlie sun may be considered to 
liare its beginning with Galileo, ~ h o ,  after con- 
structing the first telescope in 1610 A.D., spent 
several years investigating the sun and sunspot 
behavior. The sun has been actively observed 
from that epoch to the present time. Nom it 
is possible-through international cooperation 
under the auspices of the International Astro- 
nomical 1-nion-for the sun to  be kept under 
as nearly continuous observations as is possible 
from ground-based observatories. 

With the advent of the safe7lite observatories, 
continuous observations are possible without 
concern for the restrictions of weather, seeing 
conditions, or suitable ground-hnsed locations 
for an observatory-as is a problem in the Pa-  
cific 0ce:tn region. Two possibilities exist for 
continuous solnr observations from relatively 
low altitude satellites. They are : two satel- 
lites properly pliased in near-equitorial orbits, 
or ;I single satellite in ;I retrograde full sunlit 
orbit. Satellite observations also have the ad- 
17antnge that they allow the optical resolution 
to be truly diflraction-limited, since there is no 
"sliinimering" due to atmospheric turbiilence 
:ind tliere is no scattering due to :Itmospheric 

*AOSO Project Srirntist. Gnt1d:ird Space Flight 
Center. 

dust particles. Furthermore, satellites make 
it possible to study the v~ciiiini nltraviolet, 
x-ray, :ind pnninin ixy radiations from the sun 
that are absorbed in the earth's atmosphere. 

FIRST ORBITING SOLAR OBSERVATORY (OS0 I) 

This new era in tlie study of the s i n  from 
above the opaque and turbulent sen of :iir-our 
atmosphere-truly began with the successful 
launcliing of the first Orbiting Solar Observa- 
tory (Figure 3-1) on March 7 ,  1962. Prior to 

FIGURE 3-1. First Orbiting Solar Obserratory 
( O S 0  I). 

the launch of the OS0  I spacecraft (1962 5 I ) ,  
measurements of solar radiations that are :tb- 
sorbed in the atmosphere had been macle from 
balloons, rockets, ancl rather simple earth satel- 
lites. :I result of the various restrictions im- 
posed by t l ie~e techniques, however, ii was not 
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possible to achieve a reasonable degree of con-

tinuity in these many spectral regions. This

has now been accomi)lished 1)y the OSO. The

characteristics of the spacecraft that made this

performance possible were the ability of the

spacecraft to point instruments accurately at

the sun, a circular orbit below most of the

radiation belt but above the appreciable atmos-

phere, and a tape recorder data storage system

that supplied practically complete orbit cov-

erage (Reference 1). As an illustration, dur-

ing the first three months of operation the space-
craft obtained over three times as much data

in the 1 to 10A x-ray region as had previously

been acquired, and over 4000 times the data

previously acquired of the sun's spectrum from
50 to 400A. There were other measurements of

x rays (20 to 100 key) and gamma rays (100

kev to 3 Mev, and 50 to 300 Mev).

As an illustration of the type of data OSO I

will provide, the 50 to 400A spectrometer data

consist of three types : quiet, sun data ; data that

represent the effect of solar activity, such as

plage groups; and data arising as a result of

a solar flare.* Enhancement of the spectra as

as result of a flare is shown in Figawe 3-'2. As

*Private communication with Messrs. Neupert nnd
Werner.
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FIGURE 3--2. S1)ectrum of quiet and active sun.
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can be seen, the 304 line is enhanced by approxi-

mately 30 percent, whereas the '284 line is in-

creased by a factor of approximately 2.5.

In Figure 3-3, the variations ira the solar

coronal flux are shown and a comparison is

made between the green coronal line and the
Fe XV 284A line, as well as an Fe XVI 335A

line. It can be seen that the correlation between

these lines is reasonably good, showing that

changes in the intensity of the '284A ,_nd 335A

lines occur because of plage activity (non-flare

condition) on the sun.

Information of this type is important not

only to solar physicists but also to geophysicists
who are interested in the effect of solar radia-

tions on the ionosphere. It allows the geophysi-

cist_ ira lieu of actual solar ultraviolet measure-

ments, to draw reasonable conclusions as to

variations in these ionizing radiations from

knowledge of the solar activity indices, such

as the green line of Fe XVI. In addition to

the behavior pattern of these t,wo spectral

lines--of which we are just beginning to get a

reasonable knowledge--there are over 100 lines

in the spectral region to be analyzed, and an

interpretation must be made concerning the
data.

The advent of earth-orbiting laboratories as
a tool for solar research had been looked for-

ward to by many astronomers as one of the

most important developments since the inven-

tion of the telescope. Although OSO I was an

important step along the way, it would be un-

true to assume that it represents the fulfillment

of the solar astronomers' dream ; for OSO I was
limited in its capability. These restrictions

were due to the rather limited pointing accuracy

(1 arc minute in two axes), the limited space

and weight available to perform pointed experi-

ments (8 x 8 x 38 inches with a weight of less

than 70 pounds), and the restricted orbit allow-

ing only about 60 percent observation.

ADVANCED ORBITING SOLAR OBSERVATORY

What, then, is the mission of the Advanced

Orbiting Solar Observatories ?

It is nothing more than to provide the sophis-

ticated spacecraft necessary to advance the

study of the sun-earth relations and to study
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the sun as a star from the vantage point of the

spacecraft orbit. This is the general mission,

and it is not possible to be much more specific.

The reason for this is that a long delay exists

between the concept of u spacecraft and the

first launch. For example, the planning of the

present OSO I was begun in February 1959,

with the first launch occurring in March 1962.

For the Advanced Orbiting Solar Observatory

(Helios), the initial planning was done in the

Spring of 1961--with the first launch, hope-

fully, in 1966. Thus, guessing what the solar

physicist will need to observe in 1966 and on

into the 1970's is the problem. As an illustra-

tion of the type of problems that scientists

might attempt to study by using experiments

oll Helios, we shall consider the following

aspects of solar flares :

1. The energy storage phenomena in the pre-

flare active region.

2. The flare mechanism for energy release.

3. The manifestations of the energy release.

(a) Electromagnetic radiation.

(b) Particle flux.

MISSION OF ADVANCED ORBITING SOLAR OBSERVATORY

4. Energ)- transport from the sun to the
earth.

The Energy Storage Phenomena in the Pre-Flare

Active Region

The most promising source for the flare en-

ergy is in the localized high-intensity mag-

netic fields associated with centers of activity.

Severny has made observations appearing to

establish that the origin of a flare is associated

with the instability of these magnetic fields.

His observations show changes in the field from

before to after a flare; however, work at Mt.
Wilson does not confirm these observations

(Reference 2).

Magnetograms are now made at several

ground-based observatories, tIowever, one

difficulty is that usually only one magnetogram

can be made per day because of air turbulence.

At present the magnetic fields of centers of ac-

tivity can be measured only from ground-based

observatories. However, with an improved

spacecraft there may exist methods of making
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THE OBSERVATORY GENERATION OF SATELLITES

superior magnetogranls of the sun from above

the atmosphere.
Observations at Mt. Wilson have shown that

there is a striking correspondence between

calcium-plage regions and magnetic fields, and

it has been eonchlded that the close correspond-
ence in most small structural details between

calcium plages and the magnetic field indicated

a real physical relation. Rocket speetrohelio-

grams (Reference :_;) of the hydrogen Lyman-

alpha line show more contrast and are coarser

than those obtained in calcium K or hydrogen

alpha. The hydrogen Lyman-alpha is be-

lieved to originate higher in the chromosphere

than hydrogen alpha, whereas calcium K origi-

nates lower down. With highly stabilized sat-

ellites it would be possible to study the growth

and decay of centers of activity at various alti-

tudes within the solar atmosphere by recorded

spectroheliograms in selected vacuum ultra-

violet and x-ray emission lines or wavelength
bands.

The Flare Mechanism for Energy Release

Although the ideas of energy storage form a

reasonable picture, much work is required to

establish their validity and to extend the theo-

ries of flare phenomena. Various suggestions

for explaining the flare mechanism have been

proposed, based on ideas such as the building

up of charge density with a subsequent elec-

trical discharge, magnetic pinch effects, local

changes in conductivity, the rate of change of

the magnetic flux, etc. The presently favored
idea is that the flare is connected with a

collapse of the magnetic field. Since in the

ehronmspheric-eoronal plasm't the lines of force
are "frozen" into the matter, the matter col-

lapses with the field. Under sudl conditions,

ultraviolet and x-ray emission is enhanced.

Measurements of the vacuum ultraviolet and

x-ray sl)eetrum of radiation from a center of

activity could be done from a spacecraft and

would aid in deternlining the excitation tem-

perature and electron density. This informa-

tion will aid in understanding flare phenom-

ella,

Manifestations of the Energy Release

The energy released from the sun during a

flare is usually detected by observing the sun's

electronmgnetic radiations, either from ground
observatories or from rocket and satellite ob-

servatories. In the visible region of the

spectra the H alpha and calcium H and K lines

are the most frequently used.

It is reasonable to expect that the ultraviolet

lines of hydrogen, helium, and the lines of

highly ionized iron observed from. the orbiting

solar observatories will add ilnportant new

knowledge to the flare mechanism.

X-ray observations should lead to new knowl-

edge c(mcernino" flares, and quite possibly will

aid in unalnbiguollsly classifying flare types

and sizes. G. Elwert has theoretically studied

the generation of the vacuum ultraviolet and

x-ray radiation of the sun. His results indi-

cate that x rays of 10A and longer are emitted

from the coronal of the quiet sun, whereas x

rays from 0.1 to 10A are expected from lower
in the solar atmospliere over active regions such

as flares. The integrated x-ray flux below 8A
at the earth's distance from the quiet sun is

about 10 -6 erg/cm2-sec. The intensity has been

observed to increase by three to four orders of

magnitude during flare actirity. An improved

spacecraft would make it possible to study the

are:_s of origin of this flux on the sun.

Energy Transport from the Sun to the Earth

It is quite possible that all flares eject par-

ticles. However, such particles are not ob-

served at the earth following every flare. It

has been suggested by Gold that a magnetic

tube guides the particles through interplane-

tary space, determining whether they impact

the region of the earth. Optical measurements

fronl a spacecraft have a good possibility of

detecting these magnetic tubes, or xolar stream-
evx. The measurements would consist of ob-

serving the light scattered from the solar par-

tieles associated with the magnetic field. These

streamers have been observed during eclipses;

however, they are obscured by light scattered

from the atmosphere during normal seeing.
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By studying tlie requiremeiits of these pro- 
posed measurements, some of tlie required 
spacecraft, specificat ions can be formulated. 
For  example, if spectroheliograms are to be 
made with sufficient resolution to  follow the 
life of centers of activity, then 1 -arc-second 
resolution will be ultimately required. To 
obtain reasonable size spectroheliogram images 
for use m-ith a television camera aboard the 
spacecraft, provision for adequate focal length 
optics is required. ( A  10-foot focal length will 
produce a 1.13-inch-diameter solar image.) 

By following this procedure €or the proposed 
measurements and other obserrations of inter- 
est, a set of preliminary specifications ims pre- 
pared. This were presented to a. group of in- 
terested astronomers at a meeting held for tlie 
purpose a t  the High Altitude Observatory in 
*June 1061. As a result of these discussions, tlie 
concept for the Adranced Orbiting Solar Ob- 
servatory (Helios) was finalized. 

EXPERIMENT REQUIREMENTS FOR AOSO 

The proposed Advanced Orbiting Solar Ob- 
servatory (Figure 3 4 )  is a spacecraft about 10 
feet long and 40 inches in diameter, weighing 
about 1000 pounds. Of this weight, 250 pounds 
is reserved for experiments occupying a cubic 
volume of more than 45 cubic feet. I t  will be 
possible to fly. :I 20-inch telescope, 10 feet long. 

The long-term pointing accuracy is 5 arc sec- 
onds with a short-term jitter of no more than 
0.5 arc second/seconcl. On command, tlie space- 
craft can he pointed at any spot on the sun. For 
forming images at wavelengths shorter tlian re- 
flection optics allow, a line scan can be formed 
by sainning tlie spncecraft. Data storage c:i- 
pacity is 40 million bits. Power arailablr for 
experiments is 75 mitts. The orbit is polar ret- 
rogrndo full sunlit. 

Furtlier inforination conceri>ing the space- 
craft is included in tlie paper I)y 31r. ,J. 
CerrenBa, to be presented next in this session. 

FIGIJRE 3 4 .  Artist’s concept of Advanced Orbiting 
Solar Observatory (Helios) . 
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ONE APPROACH TO THE

ENGINEERING DESIGN OF THE

ADVANCED ORBITING SOLAR OBSERVATORY

by

ADOLPH J. CERVENKA*

2 _: Goddard Space Flight Center

Tile Adwnmed Orbiting Solar Observatory (A()SO)

is being designed by NASA speeifie'dly for extensive

and detailed studies of tile sun. The field of view of

this ol)servat,)ry will extend to a distance (ff about 10

sun diameters frmn lhe center of tile disk : yet a 5-ar(.-

second pointing t)re(.isi(m l)ermits some 4(X) separate

ol)servatiollS ill olle pass across ilia slln's dialll(,ter. Tile

A()S() (.an carry substantially heavier exl_riment puy-

h*a(ls than the ()S(), and ils near-polar orbit provides

lhese exlterilnents with (.(mtinuous smdight for 9

months qfter lallneh.

This paper sllnltnarizes the design study (.ondll(!ted

by NASA's Goddard Space Flight Center, in which

emllhasis was placed on stabilization and control of tile

spaeeeraft--.i critical design area. In particular, sun

tracker requirements were investigated in detail, and

tile coneel)tual design of a tra(.ker produced in the

study is described. The sun tracker work included

experimental (lemonstrati[ms of the feasibility and

il('ellrll('y of t']SI'aC's (.oncept. and it apllel(rs that the

___2-ar(,-se(,ond ae(,llril(,y required of a gllll tracker 4'all

t)P att'lille(l. In the other subsystem areas, su(.h as

(.ommmlieations, (hlta hall(ll[ng, and l)ower Sill)lily,

maximum use will Ix, nlade of te('hnoh_gy and hard-

ware develolled ill the eGO, OAO, and other programs.

The comnnlni('ations and data handlillff Oqllipment

being develoiled for OG() generally will sqtisfy AOSO

requirements.

To meet the space(waft design requirement of a 70-

per(.ent ])rol)at)ility of a 1-year ol)eratimmI life. re-

dundant ('(nnl)onents will he used extensively. This

al)lWoa('h 1)ermits tile use of roe(lily available parts,

bllt the initi'd Slmee('raft weight estimates ex(,ee(I the

payload (,al_ahility of a Thor Agena lamlch vehiele.

IIowever. it is felt that this limit rel)resents a reason-

:d)le weight goal : and stn(lies to achieve it are

(.ontinllillg.

INTRODUCTION

The A()S() project in in its formative stage,

and there are at present several (leslie ap-

* AOSO Project .Manager, G[)ddar(1 Spa(.e Flight
('ellter.

l)roaches from which to choose. Three of these

al)l)roaches resulted fronl the NASA-funded

design studies that were conducted by Ball
lh'others Research Corporation, Space Tech-

nology lml)oratories, and Relmt)lic Aviati(m

('orl)orat ion. A fourth eel)roach in the product

of tile (led(lard Space Flight Cen|er's (GSFC)

in-house studies conducted ()vet" the past year.

This paper is larffely a SUlmnary of the in-house

act ivit ies on this project.

The design (fl)je('tive most commonly associ-

ated with lhe A()SO is its ±5-are-second point-

ing accuracy. For those working in the solar

l)hysics fiel(1, this ol)je('tive has consideral)le

Sigllificalwe, since it eel)resents an order-of-

magnitude iml)r(_vement over the first genera-

lion of ()S()'s. For those who need a yar(tslick,

5 arc seconds is the angle a ffolf ball subtends

a! a distance of al)out 1 lnile: or, at earth dis-

tance, 5 at<' se('onds represents over 2000 miles

on the sun's surface. So, (let)ending on whether

we are looking for golf balls or Sllll Sl)ots, this

accuracy appears to t)e either excellent or still
I'Rt }let' ('oa rse.

The 'Ulffle of resolution will actually ap-

proach ±l see(rod of arc, since jitter will be

limite(t to that vahle: and the jitter rate will

be limited to 0.5 arc second per second of time.

The +_5-arc-se('oml pointing accura('y will 1)e

attainable over a 4()-milmte-of-ar(' square, cen-

tered on the smFs disk. It will have less point-

ing 1)re('ision ( ±l arc minute) in the oullying

areas, extending t() a l()-ar('-(leffree S<luare. In

addition, the sl)a('ecrafl will be capat)le of pro-

vi(li,ff raster scans anywhere within this 10-

de_zree fiehl. ()n command, a 40-arc-mimlte
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raster scan having 120 lines (approximately 20-

arc-second spacing) can be provided within 30

minutes of time for the complete frame. A

5-arc-minute raster scan call also be provided

anywhere within the 40-arc-minute square cen-
tered on the sun. These pointing and scan capa-

bilities are summarized ill Figure 4-1.

"a
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year, and it is desired that the regression keep

the line of nodes of the orbit perpendicular to

tlm sunline. Expressions were developed to

compute the amount of eclipse per orbit, and

also the portion of a year the eclipsed orbits
would occur.

Figure 4-2 presents the maxinmm amount of

TYPICAL 5-ft RASTER SCAN

10"

(SEE NOT!__ 5'

60 LINES

5 in. SPACING

5 rn;n TIME

10" L

TYPICAL 40-ft RASTER SCAN

I-._-- 4o'-_-.4

TYPICAL OFFSET POINT'

120 LINES

20 in. SPACING

25 mln TIME

t----to'_

I:1,,, /,ItlJ
"_ POINTING ACCURACY

5 in. WITHIN THIS SQUARE

NOTE:

5-ff RASTER WILL ALWAYS BE LOCATED

WITHIN THE 40-ft SQUARE THAT IS CENTERED

ABOUT THE MEAN SOLAR DISK.

POINTING ACCURACY 1 ft W/THIN 10" SOUARE

FlolyIm 4-1. AOSO pointing and scanning pattern.

Some additional, although less dramatic, in-

formation regarding experiment capabilities is

that the volume available to carry the experi-

ments measures 37x37 inches normal to, and

60 inches in the direction of, the sun. Total

experiment weight limit is '250 pounds.

A basic requirement of a solar observatory is

tl{at it see the sun during as much of its life

as possible, since the large payload and ac-

curate pointing capabilities of the AOSO are

of no value during an eclipse. Therefore con-

siderable attention was given to the selection

of all orbit that would have a large proportion

of full sun time. In this study, a range of or-
1)ital altitudes from 50 to 2500 nautical miles

was considered. Inclination angles were com-

puted for all the orbits investigated to give the

ideal regression rate of 0.9856 degree/day. This

regression rate is required to provide maxi-

nnnn time in sunlight for all times during the

40 I-
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ORBITAL ALTITUDE (nautical miles) 1800 - 2500

Percent of orbit in eclipse for circular
orbits.

eclipse per orbit for various orbital altitudes

that ideally could be obtained. Eclipse-free

orbits begin at an altitude of 744 nautical miles
and continue to 1813 nautical miles. ' At this al-

titude, eclipsed orbits begin again because of

the decrease in the orbital inclination required

to maintain the desired orbital regression rate.

The eclipse-free region between 744 and 1813
nautical miles would be selected if this were

the only factor, tIowever, consider,'ttions such
as Van Allen belt radiation and reduced orbital

payload capability at high altitudes led to the
selection of a 300-nautical-mile orbit. At this

altitude, the satellite will ideally experience 23-

percent dark time during its most eclipsed orbit.
Additional calculations for this altitude indi-

cated that either,of two launch times will result

in orbits with no eclipse occurring for a maxi-

mum number of days following launch. These

launch times are August 1'2 at 1400 GMT and

February 6 at 0200 GMT. In eitl]er case the
launch should be in a southwest direction from

the Pacific Missile Range (PMR) in order to

obtain an orbital inclination of 8"2.4 degrees.
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The August 12 launch produces eclipsed orbits

in the summer, and the February 6 launch pro-
duces eclipsed orbits in the winter. Either

launch date will result in 267 days of orbits

with full sun'light and 98 days of eclipse, the

maximum ecli,pse time being 23 percent of the

orbit period. These times do not include the ef-

fects of injection errors in launch time, inclina-

tion angle, and altitude. Examples of launch-

time rariations on the full-sunlight orbit are
summarized in Ta'ble 4-1. The effects of other

TABL_ 4--1

Effect of Launch-Time Variation on Orbit

Days

After Launch Window (min)
Optimum

0.0 to +19. 3

--9. 0 to +26. 4

--13. 6 to +31. 2

--18. 4 to +36

DESIGN OF ADVANCED ORBITING SOLAR OBSERVATORY

Effect of Launch
Window

Days Days Lost
Lost For For + Limit
-- Limit

0 3.3
0.6 5.7
1.9 8.3
3.1 11.1

errors were also estimated, particularly in terms

of the maximum eclipse time .per orbit that

should be used as a spacecraft design criterion.

These calculations showed that a 35-percent

eclipse time could reasonably be expected, and

this value was used in estimating spacecraft

subsystem design requirements.

SPACECRAFT DESIGN REQUIREMENTS

The specifications for the AOSO have been

described thus far mainly from a scientific in-

strument standpoint. In formulating these

specifications, considerable attention was given

to their engineering implications with regard

to the launch vehicle and spacecraft require-

ments. The .pointing and scan capabilities of

the observatory generally defne the stabiliza-

tion and control system requirements. Some

other requirements and restrictions used in the

spacecraft design study are described in the

following sections.

Launch Vehicle

The launch vehicle recommended as most de-

sirable from a cost and reliability standpoint

is the Thor Agena. For a 300-nautical-mile

polar orbit, the Thor Agena has a total payload

capability of 946 pounds. Included in this

weight are items such as adapters and separa-

tion devices. For a non-polar orbit, an addi-

tional weight penalty of 8 lb/degree retrograde
would also be suffered. These items limit the

actual payload capability to about 840 pounds

for an 82.4-degree retrograde orbit.

The dimensiona'l limitations imposed on the

spacecraft are shown in Figure 4-3, which shows
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GENERAl. NOTES:

STATION NUMBERS & DIMENSIONS MARKED WITH ASTERISK • DEFINE

BASIC AGENA 'B" SHROUD GEOMETRY.

THE MINIMUM STATIC CLEARANCE BETWEEN THE SPACECRAFT

ENVELOPE & SHROUD STRUCTURE IS 2.75 INCHES.

Fmvag 4-3. Obsem, atory static envelope.

an outline of Che Agena shroud and the space-

craft's maximum dimensions. The spacecraft

diameter is limited to 55 inches and the length

to 132 inches; however, an experiment could

project an additional 50 inches forward into

the conical portion of the shroud.

A summary of l'mnch ]o'tds and motion as-

sumed is as follows: acceleration aft, 8.6 g's;

lateral, 2.0 g's; vibration, to 3.5 g's rms at a
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maximum frequently of 3000 cps; shock values,

to 5.5 g's. Sound pressure inside tim shroud is
assumed to reach 138 decibels.

Tile spacecraft residual motion rates at sepa-

ration were assumed to be, in degrees per

second :

Pitch--0. 1

Yaw --0. 05

Roll --0.3

Tracking and Data Handling

It is assumed that the entire Minitrack net-

work is available as a data-gathering system.

Prime data-acquisition stations will be at the

following locations: Rosman, North Carolina;

Quito, Ecuador ; Fairbanks, Alaska ; Australia ;

South Africa; and Santiago, Chile.

The stations will have 40- or 85-foot anten-

nas. Other equipment ill a typical Minitrack

station will include phase demodulation ; diver-

sity combination: PCM signal conditioning;

q_ick-?vok equipment for FM/FM, PCM, and
PFM station operational checks; and auto-

matic-tracking antennas. When no project

personnel are located at the station, then equip-

ment unique to the project and necessary for

satisfactory operation is also located in that

area.

Reliability

The ground rule on reliability is that the

spacecraft will have a predicted 70 percent or

better reliability for an orbital operation of 1

year.
Experimental Data Capacity

The experimental data-storage capacity spe-
cified is 43.2 × 10 _ bits. Data handling equip-

ment is to have the capability for either storage

or real-time transmission as given in Table 4-2.

TABLE 4-2

Data Handling Equipment Capability

Source of Experimental Data

Imaged ..............
Scanned .............
Non-scanned .........

No. of
Measure-

ments

5

5

15-2

Wor(
Lengt

8

16

8

Bit Rate 1

(bits/sec)

3800

640

200

SUBSYSTEMS DESIGN

The basic configuration approach as shown

in Figure 44 consists of a spacecraft subsys-

reins compartment, solar cell paddles, and the

SOLAR ARRAYS

HEAT SHIELD

EX_RIMENT_

OBSERVATORY "_,

OPTICAL _. <

AXIS

SUN TRACKER /

SPACECRAFT SUBSYSTEM

COMPARTMENT$5_.d DIAM.,

_ _\ _'/ LAUNCH VEHICLE

TYPICAL EXPERIMENT PORTS

FIGURE 4--i. Conceptual configuration of AOSO.

experiment box. Not shown in the schematic
is the transition section that connects the space-

craft to the Agena booster. In addition to

transmitting the launch loads, this section also

provides the dimensional transition from the

57-inch Agena support ring to the 55-inch

spacecraft diameter.

A cylindrical spacecraft subsystems configur-
ation was selected from structural, thermal, and

volume considerations. For example, to mini-

mize thermal control problems, it is desirable to

mount all the subsystem components on one

plate that will radiate heat directly to space.

A circular or octagonal plate would provide the

mounting surface required for all the subsys-
tems within the 55-inch-di,4meter limitations.

From a fal)rication point of view, the circular

plate and cylinder is simpler to produce and

hence less expensive, and was therefore selected.

The experiment compartment is shown as a rec-

tangular box--since this is the shape given in

the design study specification--and allows the

solar arrays to 1)e folded up around it during

launch. The experilnent 1)ackage consists of a

thermal shield, an experiment support struc-

ture, and the experilnents. The thermal shield

has apertures in the face normal to the solar

radiation to admit the requisite radiation into

the experiments and tlle fine sun tracker.
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Structure

From the foregoing discussion, it is seen that

part of the spacecraft structure is the subsystem
mounting bulkhead and the cylindrical outside

wall of the subsystem compartment. The addi-

tion of a second bulkhead between the subsys-

tem compartment and the experiment package
completes the structure. This second bulkhead

is required to fulfill the requirement of experi-

ment thermal isolation from the subsystem com-

I)onents and to provide a stable mounting plat-
form for the experiment package.

The basic load-carrying structure within the

proposed configuration of the spacecraft is con-
ceived to be as follows :

A gena-to-observatm T transition section. :
open truss structure

Subsystem compartment: reinforced mono-
coque circular shell with two reinforced

metal honeycomb bulkheads

Experiment heat sh/e/d: reinforced mono-

coque

Experiment support structure: hollow metal

honeycomb beam SUl)ported at the center

of gravity
The entire structure will be fabricated from

,'tluminum, or possibly magnesium alloys, be-

cause of the stringent weight problem imposed

by the launch vehicle payload capability.

The evaluation of load paths starts with the

eight Agena ltard points. Eight load paths

would enter the monocoque circular shell of the

subsystem compartment, and it is proposed

herein to combine adjacent pairs of load paths
within the shell so that there are four load

paths at the forward bulkhead of the subsystem

compartment to provide support for the four

corners of the experiment heat shield. The

combining of load paths will require extra load-

carrying members within the circular shell.

The two bulkheads at either end of the compart-

ment are basically circular flat plates that re-

quire stiffening. Both open truss and composite
shear web beams were considered. Since all

subsystem components 'tre to be mounted on the

aft bulkhead in a cantilever fashion, the extra

1)late-stiffening members are employed to _-

cure the forward end of any component that re-

quires it. The shell structure must have ap-

propriate coatings, materials, insulators, and

thermal couplers so that the radial shell will be

a good thermal radiator to space and a mini-

mum absorber of thermal energy from external
sources.

The basic design approach to the experiment

package problem is to build an extremely rigid

experiment support structure, to provide an

isothermal environment for it, and then to

lnount all the elements with critical alignment

requirements (experiments, sun tracker) to this

structure. The function of the experiment

package thermal shield is to provide an approxi-

lnately isothel'nml environment for the experi-

ments and sun tracker (on the experiment sup-

port structure) and to provide a floating

structural attachment for the experiment sup-

port structure so that no structural distortions

are transm.itted to the rigid experiment support
structure. The thermal shield has four load

paths through it, one at each corner. The ideal

structural attachment for the experiment sup-

port structure would seem to be three points at

the center of the mass of the experiment, support

structure, su/n tracker assembly. This consid-

eration may dictate that the experiment package
configuration be cylindical rather than rectan-

gular. For the time being, it will be assumed

that a four-point floating attachment can be

conceived to attach directly to the four longi-

tudinal load-carrying members in the thermal

barrier, so that heat will not be transferred into

the support structure by the thermal shield.

Materials, coatings, and insulation used for the

experiment support structure and thermal con-

trol must satisfy the following requirements:
The external faces of the thermal shield must

radiate thermal energy to space; the front face

of the thermal shield must accept only the

minimum amount of solar energy consistent

with the efficient operation of the experiments
and the sun tracker: the internal faces of the

thermal shield must absorb radiated thermal

energy from the experiments and the sun track-

er, and transfer it adequately to tim external

surfaces; the experiments must be suitably

coated and mounted so that the maximum

amount of thermal energy is radiated and so

that the assembly of experiment, support struc-
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ture, and sun tracker will quickly reach and

maintain thermal equilibrium even during

periods of partial or full solar occultation.

Stabilization and Control

The purpose of the attitude stabilization and

control subsystem is to provide the very precise

pointing and scan capal)ility required of the

spacecraft. Various control concepts were in-

vestigated before the system shown in Figure

4-5 was evolved. The major components of this

subsystem consist of a sun tracker to provide

pitch and yaw information and star trackers

for roll control. Control actuation is by means

of three orthogonally mounted inertia wheels:

momentum unloading of the wheels is per-

formed with maglaetic torque coils. During

initial stabilization and acquisition control,

actuation is provided by a cold gas jet system.

Figure 4-5 indicates the normal flow of infor-

mation, as well as possible backup modes of

operation in the event of failure of one or more

of the sybsystem components. Although not

shown in the diagram, redundant sun trackers

are anticipated.

The operation of the control system can be

illustrated by an examination of the component

functions during the following control modes:

Initial stabilization and acquisition
Normal orientation

Offset pointing

Raster scanning

Solar occultation and reacquisition

Initial Stabilization and Aequh.ition--The
AOSO will be inserted in a 300-nautical-mile

near-polar orbit, with possible residual tum-

bling rates being as high as 1 degree/sec about

each axis. A time of one orbit period, approxi-

mately 96 minutes, has been allotted for initial

detumbling and acquisition.

During the initial stabilization and acquisi-

tion mode, control system information is ob-

tained from the rate-integrating gyros (in rate

mode) and from the coarse sun sensor.

The feasibility of two methods of initial
stabilization was studied. The first method util-

izes ma_letic torquing I)y means of reaction

with the earth's magnetic field, and the second

method involves torquing with a cold gas jet

Q

system. In both cases, rate information is from

a rate gyro mounted parallel to each control

axis. Results of this study showed that mag-

netic torquing is not a feasible means for initial

acquisition, owing to the large power require-

ments and long acquisition time. The cold gas

jet system proved superior to the magnetic

torquing, requiring only 0.05 pound of nitrogen

and 13.2 seconds of time for acquisition.

Initial stabilization and acquisition are com-

pleted with the acquisition of stellar reference.
Normal Orientation--The normal orientation

mode follows initial acquisition. The sun

tracker and the reference star sensor signals

control spacecraft orientation. During normal

orientation, the optical axis of the observatory

is pointed at the geometric center of the sun,

and the control requirements are determined by

the disturbance torques acting on the space-
craft. The momentum imparted to the observa-

tory by these disturbances is transferred to the
inertia wheels. It is estimated that the total

momentum absorbed per orbit by the pitch,

yaw, and roll axes wheels is 0.42, 0.005, and 0.0

ft-lb/sec respectively. The wheels can be un-
loaded on a continuous basis by magnetic

torquing, but once per orbit would be sufficient

because of the large momentum storage c_pa-

bility inherent in each wheel.

Offset Pointing--Offset pointing is the capa-

bility of directing the observatory optical axis

to any position in a 10-degree square centered

on the sun. Normal orientation is a special

case of offset pointing where the offset position

is zero. Slewing to any offset position will be

accomplished by commanding the appropriate

coordinates and rate-limiting the observatory
motion.

Raster Scan Mode--The raster scan mode pre-

sents the most demanding requirements on the

AOSO attitude control system. Problem areas

arise in obtaining optimum torque to reverse

the motion of the observatory at the completion

of each scan line as well as in maintaining the

desired 5-arc-second accuracy. The reference

variable for the yaw control loop will be a digi-
tal saw tooth with rounded corners tailored to

suit the specific system. Consideration of the

yaw reference variable corner is important, be-
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cause the torque applied for turnaround de-

pends on the amount of momentum stored in

the inertia wheel. By tailoring the reference
variable and the inertia wheel motor charac-

teristics, an efficient repeatable turnaround that

is independent of the stored momentum can be

achieved. The reference variable for the pitch-

axis loop is a series of steps applied during yaw
turnaround.

Roll-axis control is obtained with two single-

gimbaled star trackel_. The trackers are gim-

baled about the observatory pitch axis and can
retain the reference star in the field of view

only by allowing the observato_ T to roll. A

single gimbal is used for increased reliability,

and two trackers are required because _ny de-
sirable reference star will be occultated at least

once during an orbit. A correction prism is
needed for one of the star trackers because two

stars cannot be found that are exactly diametri-

cally opposed.

Solar Occultation and Reaequi_ition--Anal-

ysis of the observatory launch and orbit shows

that, with three-sigma insertion errors, 35 min-

utes of solar eclipse can be expected during some

orbits for 3 months of the mission. During this
time, drift due to external disturbances reaches

such a magnitude as to preclude reacquisition
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FIOUIlE 4-5. Stabilization and control subsystem.
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in the specified time. Two sensors are avail-

able to provide attitude information for active

control during solar occultation ; a star tracker,

and the yaw-star sensor. The yaw-star sensor is

mounted so as to face in the opposite direction
of the sun tracker. This sensor locks on a star

of opport,unity and, in conjunction with the

star tracker, provides the necessary inertial ref-

erence. Rate/rate-integrating gyros in the in-

tegration mode can provide a backup. The

yaw-star sensor was suggested by Space Tech-

nology Laboratories, Inc., one of the AOSO

study contractors; and their studies indicated

that, with the proper field of view, stellar lock-

on will be accomplished before the observatory

has drifted more than 6 degrees.
Sun Tracker--The AOSO sun tracker must

have the following characteristics to flltfill its

performance requirements:
1. A pointing accuracy of ] to 2 seconds of

arc when oriented within a 40-arc-minute

square centered on the sun, and an accuracy

of 1 minute of arc when outside of this square

and inside a 10-degree square centered on
the sun.

2. The capability to track on command

within the above 10-degTee square.

3. A tracking System bandpass of about 70
radians/sec.

4. Compatibility with a simple, reliable

programming and command system.

5. A reliable and long-lived design.

Since it is recognized that the development

of a sun tracker to meet these requirements
would call for an extension of the state-of-the-

art equivalent to that being attempted in the

case of the OAO star tracker, a complete sun

tracker study is beyond the scope and intent of

this paper. However, the sun tracker problem

in general and the specific GSFC tracker will
be discussed.

Work on various approaches to sun tracker

design led to the rotating-slab design, in which

operation depends on the refraction of light

through a slab of glass. If the index of refrac-

tion of the glass and its thickness are properly

controlled, the angle of the light from the sun

can be measured precisely by positioning the

slab (see Figure 4-6). The slab is rotated until

! I I

1

J
DETECTOR

FmuaE 4_. Rotating-slab sun tracker geometry.

the sunlight passing through the glass nulls a

photosensitive detector. A 20-arc-second rota-

tion of the slab corresponds to a 1-arc-second

angle of incidence of the sunlight. An existing

Baldwin digital encoder with an accuracy of

20 arc seconds will measure the slab position;

this readout will be compared with the observa-

tory reference variable to form the error signal

for the control system. A servomotor will po-
sition the encoder and slab. The two units

described above, one for the pitch and another

for' the yaw axis, comprise the tracker. An iso-
metric view of the sun tracker is shown in

Figure 4-7. A most important feature of this

design is that the axes of the two slabs are

orthogonal. This permits commanding the
sun tracker in the same reference frame as the

satellite and considerably reduces the complex-

ity of the pointing command system.

During the process of studying sun trackers,

it became apparent that many interface prob-

lems exist, one of which is the required com-

patibility between the tracker and the com-

mand logic or reference function generation.

In considering the many sun trackers, it was

noted that the command logic always reflected
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FIGURE 4--7. Goddard rotating-slab sun tracker.

the particular tracker design and is st, ongly

dependent (m it. Therefore, using a particular

tracker infers using a parlicular command sys-

tem. This is not a serious prol)lem as long as
it is reco_lized. Interface problems ari_ ill

sun tracker misa]ignment owing to structural

deformations; calibration with experiments

most likely will be required at selected intervals.

Communications and Data Handling Subsystem

The AOSO communications and data han-

dling system includes a network of tracking
and data acquisition, data reduction, and dis-

play facilities as well as the observatory elec-

tronic equiimmnt. A complete evahmtion of

the functional, environmental, and operational

requirements of this entire system is obviously

beyond the scope of this paper, and only the

observatory equipment portion will be dis-

cussed. The requirements of the AOSO com-

munications and d'lta handling subsystem are

very similar to those of the OGO spacecraft;

this similarity reduces the component design

effort substantially. The major problem, then,

is to integrate satisfactorily this subsystem with

the stabilization and control subsystem and the

experiment package system.

The communications and data handling sub-

system of the AOSO will be described princi-

pally from a functional rs_ther than design

standpoint, and each major assembly will be

considered separately. For purposes of dis-

cussion, the communications and data handling

subsystem can be divided into four major
assemblies

Command assembly

Wide-band telemetry assembly

Narrow-band telemetry assembly

Timing and synchronization assembly

Command Asse_bly--The command assem-

bly of the subsystem is in essence the brain and

nerve system of the observatory. The functions

that it performs are as follows: (1) receives,

decodes, stores_ and/or executes ground com-

mands: (2) programs experiments and controls

subsystem telemetry; and (3) performs valida-
tion check on decoded commands. These func-

tions are implemented as shown in Fi_lre 4-8.

The desired instructions to the satellite are

encoded and used to modulate a o_ to 5-kw com-

mand transmitter coupled to a directive high-

gain antenna array. The intelligence is trans-

mitted l)y PCM/FSK/AM modulation on the
command carrier.

A brief description of a typical command

will promote a better understanding of the op-
eration of the command elements. For ex-

ample, the instruction type of command mes-

sage collld contain two 32-bit words and their

complements, _nt at a rate of several hundred

bits per second; the words contain bits devoted

to word sync, spacecraft, addres_q, decoder ad-

CLOCK IN""*"

_J RECE(I'_ERS

RE ! ERS
PCM-_S_-AMJ (2)

OUTPUTS TO OBSERVATORY

SUBSYSTEMS IN REAL

OR DELAYED TIME "4"

FIGURE 4--8.

STORAGE

32 DIGITAL
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N-DISCRETE

VALIDATION

AND

ROUTING

COMMAND

DISTRIBUTION
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EXECUTION

Command element.

TO
NARROW-
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TELEMETER
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dress, command instruction, and the time that
it should be executed.

Following the reception of the signal by the

spacecraft antenna, two pairs of dual receivers
detect the signal. The structure of the com-
mand word then determines which of the two

decoders is addressed. The selected decoder

synchronously decodes the message and passes
it into the validation and routing circuitry,

where the word is compared with its comple-

ment bit-by-bit and a verification bit is simul-

taneously transmitted back to ground via the

narrow-band telemetry. The routing circuit
decides whether the command is to be immedi-

ately executed or is to be stored for execution
at some future time. The command distribu-

tion unit determines what the instruction is and

directs it to the proper destination.

WMe-band Telemetry As._embly--The most

important assembly to the experimenter is prob-

ably the wide-band telemetry assembly, shown

in Figure 4-9. The function of this assembly

is to encode, format, store, and transmit data to

the grou!_d stations. Data can be sent in real

time or from tape storage. The design require-

ments used for these components were made

with the assumption that the following experi-
ment and other information would have to be

processed :

Item No. of Measurements

Scanning experiments .......

Imaging experiments ........

Nonscanning experiments ....

Experiment-related space-

craft .................

Other spacecraft status ......

5

5

10-20

(Undetermined)

(Undetermined)

The major elements in Figure 4-9 are shown

in functional notation; those to the left of the

dashed line represent the output termination of

the various experiments. The upper block

labeled "Experiments Shift Registers" repre-

sents the digital outputs of experiments of the

types associated with the observatory's scan-

ning mode of operation, although any data of

compatible form may be presented in this cate-

gory. The lower block represents those expert-

J SELECTION L FORMAT ANTENNAANDGAT,NGFCONTROL\/

r--_l SHIFT l J _" ...... 7 /J"

--. -- I FRAME Ir: 4--_-I I_o_T,,,I I I ..... I.
I I I l I I

Ii [ TAL 11

iEXI 4ENTS i I SERIAL ,, I 1 I I'_'_J (2) I
_T i II,, TERSIi I W,OE- AND

' I I I I DATA , '. _ J

Ill II I As E L¥

I IEx,ER'_NTS_ r _\l (2) I
[I nwI AN_,LOGI-I r,AN,, I / AND I '_' '

I I Max I b_,,:2;c_l / _'n'rruoE I TO NARROW-

I _ t TELEMETER
I
I SPACECRAFT FROM CONTROL

I ANALOG SUBSYSTEM

I
I
I

FmURE 4--9. Wide-band telemetry.

ments that produce an analog (i.e., voltage or

current, varying with time) output and that

must be sampled in a predetermined way to

provide the information in a more usable form

for telemetering.
The various elements shown to the right of

the dashed line comprise the wide-band telem-

etry assembly. The selection and gating matrix

is the traffic control point. Its instructions are

to a great extent pre-programmed prior to

launch. After launch (satellite in orbit),
modifications to these instructions---or new in-

structions--arrive from the execute section of

the command assembly in either real time for
immediate execution or for execution at a later

time. It might be mentioned that this func-

tion, as well as all others shown, is synchronized

with the spacecraft master clock (timing and

synchronization assembly).

The data assembly unit accepts all data in

digital form; inserts the selected format identi-

fication, frame sync words required for ground

decommutation, pointing and attitude angle in-

formation: and forms a coded train of serial

pulses containing the "bits" of information.

This pulse train is then directed to one of sev-

eral destinations, depending on the record

length, orbital position of the observatory with

respect to data-acquisition stations at the time,
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and/or the relative loading of the two tape

recorders. Which is to say, the data train may

modulate the transmitter directly, or it may be

channeled into one or the other of the two tape

recorders to be read out by command when the

observatory is in a more favorable position

with respect to a data-acquisition station.

To retrieve stored data (approx. 20 x 108

bits per orbit), it is obvious that the tape re-

corder must be played back at considerably

greater speed than used for recording. A nomi-

nal speedup ratio of 28 to 32 times appears

feasible. This is an extreme simplification of

the data retrieval problem, since several orbits

may be made before interrogation is possible.

It does, however, suffice to show the "appetite"

of the observatory in information gathering and
to show that the "digestion" of information is

much more complicated problem.

Narrow-band Telemetry Assembly--The nar-

row-band telemetry functions are more con-

ventional in that they are similar to those per-

formed on any large satellite in a near-polar

orbit. These functions include commutation,

encoding, and the format of experiment and

spacecraft data whose rate varies from a frac-

tion to several times the frame rate. The types

of information include righ-rate, high resolu-

tion spacecraft data; intermediate-rate experi-

ment and control information; low-rate moni-

tor; and on-off events. It also accepts
command verification, monitors state-of-com-

mand storage, and transmits data in real time.

Figure 4-10 shows the arrangements of the
functional units. The main narrow-band mul-

tiplexer commutates the "high-rate" spacecraft

data. Experiment status and other medium-

rate data are commutated at intermediate rate

by a subcommutator. The slow-speed commu-

tator, operating at a still lower synchronous

speed, commutates such data points as tempera-

tures, supply voltages, and other information of

the so-called housekeeping variety. A fourth

type of data, which is characterized by only two

states, such as ON-OFF (switches, relays,

gates, etc.), may be sent most efficiently by as-

signing a particular single bit to each of the

points to be monitored.

DESIGN OF ADVANCED ORBITING SOLAR OBSERVATORY
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FIGURE 4--10. Narrow-band telemetry.

The narrow-band data handling .unit, which

has its counterpart in the wide-band element,

formats all digital data, inserts frame sync code

words, subframe identification, etc., and gen-

erates the serial PCM pulse train that phase-
modulates one or the other of the two 136-Mc

transmitters.

Timing and Synchronization A ssemb/y--The

timing and synchronization of operations

aboard the spacecraft are of utmost importance.

The timing assembly is conventional in design

except for accuracy and reliability considera-

tions. Two highly stabilized crystal oscillators

drive a long binary divider chain. Output

pulses are available at several rates, down to 1

pulse/sec and slower. Under control of the

program matrices, the various pulse trains are

gated to the other subsystems and subassemblies

to assure synchronous operation and proper

sequencing.
At least two oscillators are used to increase

the reliability factor. For the same reason, a

high order of redundancy is employed in the

binary divider chain. Spacecraft time is also
derived from the master clock.

Power Supply

The power supply subsystem provides the

electric power requirements of the spacecraft

and the solar experiments. Basically, it con-

sists of silicon solar cell arrays, nickel-cadmium

batteries, and charge control devices. During
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the sunlight portion of the orbit, the solar ar-

rays must have the capacity to supply all of the

power requirements of the spacecraft plus an

additional capacity for recharge of battery

drain during eclipse, launch, and acquisition

phases.
3_ block diagram of the power subsystem is

shown in Figure 4-11. The estimated power re-

quirements for the spacecraft are given in Table

4-3. This power is supplied at a nominal volt-

age of 28 volts with a range of 23.5 to 33.5 volts.

I ..... PowE_Bus

IDISCI

k2

CUR_ENTII I ICURREN_

rERY J_ I_ BATTER_ j

FI6URE 4--11. Power subsystem.

I

2GE-

TABLE 4---3

Spacecraft Power Requirements

Design of n-on-p silicon solar cells must in-
clude consideration of cell degradation with

time, as well as the effects of operating tem-

perature on efficiency. Taking these various
effects into account increases the equivalent

initial design load (sunlight) to 550 watts.

This would require an assembly of approxi-

mately 20,000 cells.

The capacity of the nickel-cadmium batteries

is determined by the power required during

the 35-minute eclipse time. Assuming a 25-

percent depth of discharge limit for cyclic op-

eration, a 12 amp-hr battery capacity is

required.

The power controller acts as a voltage, cur-

rent, and battery temperature sensor and con-

trols these elements by limiting the charging

rate and voltage within the prescribed limits.

Weight Estimate

W_eights of the various subsystems described
were estimated in a preliminary ntamler; and,

Requirement

Communication and data

handling ...............

Stabilization and control___

Power control .............

Solar physics experiments__

Experiments programmer___

Battery recharge ..........

Diode losses ..............

Cable losses ..............

Total ..............

Sunlight

51. 6

96. 8

12. 0

75. 0

14. 3

152. 0

10. 0

5.0

416. 7

Eclipse

51.6

58.4

7.0

12.9

10.0

5.0

144. 9

for this reason, a total contingency of 45 pounds

was added. These estimates, the _payload, and

other weight factors are Shown in Table 4-4.
The total weight estimate is seen to exceed the

Thor Agena limit by some 70 pounds. Since

this includes a known contingency of 45 pounds,

the gem appears to be in sight.

T_LE 4--4

Payload Weight Estimate

Item Weight (lb)

140Stabilization and control subsystem__

Communications and data handling

subsystem ......................

Power supply subsystem ............

Experiments ......................

Structure subsystem ...............

Instrumentation ...................

Observatory total (orbit) .....

Retrograde penalty ......

Adapter, separation gear ......

Observatory total (launch) ....

I

154

224

250

125

15

908

64

45

1017

Other mass properties of the observatory, such

as inertia about the control axis, are as follows,

in slug-ft _ :

Iroll_ 74. 5

Ipttch--137. 5

Iyaw--14_

The products of inertia were found to be

negligible.
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CONCLUSIONS

The spacecraft design study conducted by the

Goddard Space Flight Center has proved to be

very helpful in pointing out problem areas that

will require special attention during the de-

velopment phase of the program. The sun

tracker had been previously recognized as a key

problem_ but the study has shown that the in-

tegration of this component with the rest of the

control subsystem, the structure, experiments_

and the communications system is a problem of

equal magnitude. On the other hand_ progress

on the sun tracker development has been very

encouraging.

DESIGN OF ADVANCED ORBITING SOLAR OBSERVATORY

The design and development of the space-

craft subsystems do not appear to require tech-

nology beyond the state-of-the-art. The use of

redundant parts to achieve the reliability goals

will require further evaluation_ since the cur-

rent spacecraft weight estimates exceed the

Thor Agena limit.
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THE MISSION OF THE

ORBITING ASTRONOMICAL OBSERVATORY

by

Roarer R. ZIEMER* AND JAMES E. KUPPERIAN, Jr. t

Gocldard Space Plight Center

The basic objectives and the reasons for the develop-

ment of the OAO project are discussed. The observ-

ing equipment now under development by the scientific
community for the first three observatories is de-

scribed, as well as a brief resum_ of the specific scien-

tific aims of each experimenter.

INTRODUCTION

The basic mission of the Orbiting Astronom-
ical Observatory (OAO) is to extend man_s
knowledge of'the origin and deve]opment of the
universe. Beginning in the early seventeenth

century, when the first practical optical instru-
ments were used by Galileo, man has pursued
the investigation of the universe by a constant
study of the stars and planets. This early ob-

servational astronomy was essentially a study
of the position and movement of celestial bodies.

The work of Einstein revived the interest in_
and study of, cosmology and gave to it an im-
petus that regained its prominent position in
the physical sciences.

A further advance in astronomy resulted--
during the early and middle 1800_s---from the

introduction of the spectroscope, which per-
mitted the study of the visible energy of the
sun. Not, however, until the application of
photography to the study of celestial spectra_
did the really rapid developments in astronom-
ical spectroscopy occur.

For centuries, then, scientists have been seek-

ing an understanding of the origin of the uni-
verse, handicapped by the obscuring and dis-
torting curtain of the earth's atmosphere.
Their observations were restricted to the small

visible portion of the electromagnetic spectrum
and, more recently, to the radio regions.

The advent of artificial earth satellites makes

quite real the possibility of extending man_s

knowledge of the universe by observing above
the earth's atmosphere and, for long periods of
tim% the energy from celestial matter in the
ultraviolet and infrared regions of the elec-

tromagnetic spectrum. Additionally_ the
twinkling due to the earth's atmosphere would
be eliminated; and the light of the night sky
would no longer interfere with the detection

of very faint objects.
These_ then_ are the basic reasons for the

development of an orbiting observatory for
astronomical purposes.

REQUIREMENTS AND PHILOSOPHY OF AN
ASTRONOMICAL SATELLITE

The early efforts to place telescopes above the

earth's atmosphere have utilized balloons (Ref-
erence 1 ) and, more recently_ the Aerobee sound-

ing rockets. The Aerobe% with its latest modi-
fications_ provides a tool for pointing observing

equipment to five predetermined regions of the
sky to an accuracy of 1_/_ degrees of arc.
Greater accuracies are possible with error sen-
sors in the experiment packages. Some of the
results of these experimental efforts are dis-
cussed by Dr. Kupperian (Reference 2) and

Messrs. Stecker and Milligan (Reference 3).
These early and limited observations have pro-

duced unexpected results in that the fluxes below

2400A of early-type stars are substantially less

*Project Manager, Orbiting Astronomical Observa-

tory, Goddard Space Flieht Center.
tProjeet Scientist, Orbiting Astronomical Observa-

tory, Goddard Space Flight Center.
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than theoretical predictions. The sounding 
rocket, although a valuable asset, still leaves 
much to be desired in the way of a remote- 
controlled observatory because of its limited 
payload capability and its short lifetime. The 
need of a long-life satellite capable of being 
pointed to any point in the celestial sphere is 
apparent. 

I n  late 1958 and early 1959 several astrono- 
mers, Dr. Fred Whipple of the Smithsonian 
Sstrophysical Observatory, Dr. Lyman Spitzer 
of Princeton University, Dr. Arthur Code of 
the University of Wisconsin, and Dr. Leo 
Goldberg of Harvard, proposed astronomical 
experiments for satellite application (Refer- 
ences 4, 5, 6, and 7) .  As is the case with all 
space science efforts that  are being supported by 
NASA, the astronomy program must be built 
on the participation of the scientific community. 
The success of a program such as the OAO 
hinges directly on the ingenuity and effort of 
the individual working scientists associated 
with the program. 

About the same time, Dr. Kupperian pre- 
sented the basic idea of a universal spacecraft 
or observatory to  accommodate a variety of 
astronomical observing equipment. This con- 
cept was developed after examining the space- 
craft requirements for a number of different 
experiment systems. The requirements for a 
stable platform, precise pointing capability, 
stable thermal environment, data storage, data 
transmission and command systems, and ground 
operation complex mere common to all en- 
visioned observing equipments. Thus the de- 
velopment of a spacecraft for one experiment 
system should in general satisfy the require- 
ments for a large number of different systems. 

Also, in the large engineering effort required 
to produce a space vehicle, it major portion of 
the expended work is in the initial design, de- 
velopment, and testing of the prototype or first 
model of the spacecraft. Here again an ob- 
servatory that could be adapted, with only min- 
imal changes, to a wide variety of observing 
equipment with many types of applications 
would amortize these high initial development 
costs. Increased reliability, maximum use of 
ground facilities, and operating experience 

could be expected to yield dividends from the 
use of identical spacecrafts for a variety of mis- 
sions. This idea, after many consultations 
with potential experimenters, finally culminated 
in ii contract for a 3600-pound general purpose 
astronomical spacecraft with the Grumman 
Aircraft Engineering Corporation of Bethpage- 
Long Island, Kew York. The satellite was 
planned for an orbit that would be below the 
Van Allen radiation belts and pet high enough 
to mininiize the external disturbance torques on 
the spacecraft so that precise stabilization and 
control could be achieved-an orbit of approxi- 
mately 500-statute-mile altitude, inclined to the 
equator at 31 degrees. 

OBSERVATORY SYSTEM 

An artist's conception of the OAO is shown 
i n  Figlire 5-1. ,i complete engineering sum- 
mary of the design and development of the 

FIGURE .%l. Artist's concept of the Orbiting Astro- 
nomical Observatory. 

spacecraft will be presented by Mr. Walter 
Scott in the next paper of this session. I n  
planning R standard spacecraft to be used with 
minimal changes for various observing equip- 
ments, allowance wis made to accommodate 
optics up to 30 inches in  diameter in a system 
up to 10 feet long. This capability is provided 
in the central cavity of the spacecraft. Small 
secondary experiments weighing 10 to 20 pound? 
can also be arcomni~lated in the top portion of 
the spacecraft. The spacecraft and astronom- 
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ical equipments are being designed with a goal 
of a 70-percent probability of a 1-year lifetime. 

Electronic components and data handling 
packages for the experiments are housed in the 
shelves surrounding the central tube (see 
Figure 5-2). Here also are all the systems re- 
quired for the operation of the spacecraft. 
Basically the spacecraft is designed to sense and 
point the optical axis of the telescope to any 
point in the celestial sphere, with the exception 
of a SO-degree cone about the sun line, t o  an 
accuracy of 1 minute of arc. IJsing the experi- 
menter’s prime optics and a suitable error 
sensor, the spacecraft control system is designed 
to achieve a fine pointing accuracy of 0.10 sec- 
ond of arc. 

FIGURE 5-2. Compartment for housing experiment and 

The ground operation complex for the OAO 
will be centered at, and operated by, the God- 
dard Space Flight Center (GSFC).  All com- 
mands and all reduction of scientific and space- 
craft data mill be accomplished at  tlie Center. 
There will be remote receiving and transmitting 
stations at Rosman, North Carolina; Quito, 
Ecuador; and Santiago, Chile. With this net 
or fence, one contact per orbit of a t  least 5 
minutes duration is possible a t  altitudes as low 
as 350 statute miles. Commands generated 
prior to a contact will be transmitted from 
GSFC by teletype to the appropriate remote 
station, and related data received at the remote 
stations will be transmitted by tlie same method 

spacecraft equipment. 

back to GSFC. The bulk of the scientific data 
will be sent to GSFC, by air mail, for reduction. 

EXPERIMENT SYSTEMS 

The primary experiments for the first three 
observatories have been selected and will be 
directed tomtrcl the study of the ultraviolet 
portion of tlie spectrum. The first flight will 
carry the sky survey experiment of the Smith- 
sonian Astrophysical Observatory (SAO) and 
the broad-band photometry experiment of the 
University of 77’isconsin. The second observa- 
tory will contain a system for the study of ab- 
solute spectrophotometry being prepared by the 
Goc1d:trd Space Flight, Center. The third unit 
will carry the Princeton University equipment 
intended for tlie study of interstellar matter. 

Since the first observatory will carry equip- 
ment intended primarily for snrvey studies, it 
is intended that tlie data obtained provide direc- 
tion and interesting focal points for tlie experi- 
ments that follow. Since there is always an 
element of uncertainty in the flight of a new 
system, the requirements of the stabilization and 
control system are less stringent for these first 
experiments than for those following. 

A brief glimpse of the objectives and basic 
elements of the observing systems now being 
prepared might be of interest. All the experi- 
menters are implementing the development of 
their systems by means of contracts with vari- 
ous industrial organizations. The first space- 
craft, because of the physical size and multi- 
plicity of telescopes, is altered from the basic 
configuration to allow experiments to view from 
both ends (see Figure 5-3 ) .  The SA0 experi- 
ment, consisting of four instruments, views from 
tlie lower end of the spacecraft; and the \Vi?- 
consin experiment, consisting of seven optical 
systems, is pointed forward. These two esperi- 
ments were chosen for the first flight primarily 
for the following reasons: (1) They are of a 
survey and exploratory nature; ( 2 )  the Wis- 
consin equipment has the capability for obtain- 
ing more detailed information on “finds” re- 
sulting from the S A 0  sky survey; ( 3 )  they 
make complementary demands on the space- 
craft capabilities with regard to telemetry, and 
real-time and remote operation : and, finnlly, 
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FIGURE 5-3. OAO spacecraft no. 1. 

(4) the systems are compatible with the phys- 
ical space available for the experimental 
equipment. 

Smithsonian Astrophysical Observatory 
Experiment 

The primary objective of the Smithsonian 
experiment, called Project Celescope, is to make 
a new map of the sky similar in coverage to 
sky surveys such as the Draper Catalog and 
the Palomar Sky Atlas. This new map will 
differ from its predecessors, since it will be 
made entirely in the ultraviolet portion of the 
spectrum. This map will include stars to the 
7th or 8th magnitude and large nebulae to  the 
8th magnitude per minute of arc. It is planned 
to measure up to  50,000 main-sequence stars in 
four ultraviolet spectral bands: 1200 to  1600A, 
1300 to  1600A, 1600 to  2900A, and 2300 to 
2900A. These four ultraviolet readings for 
each star will be used to  determine the shape of 
the spectral energy distribution curves. 

The experiment consists of four electroni- 
cally recording telescope cameras serving as 
broad-band photometers. As shown in Figure 
5 4 ,  each telescope uses the Schwarzchild optics 
with the ultraviolet detector at the focal plane. 
The mirrors are made of fuzed quartz. The 
primary ring-shaped mirror has a clear aper- 
ture of 12 inches, with the central perforation 
being 5 inches in diameter. The secondary 
mirror has a clear aperture of about 6 inches, 
with a central hole for the calibration system 

FIGURE 5-4. Schwarzchild camera as  used in 
Celescope. 

1 inch in diameter. The effective focal or trans- 
mission ratio is 3.7 assuming 75-percent reflec- 
tivity of the mirrors. The detector for this 
system, called a Uvicon, is shown in Figure 
5-5. These are basically television tubes that 
are sensitive to various ultraviolet bandwidths. 
The photocathode material is cesium iodide or 
cesium telluride, and the target operates by 
secondary emission with a gain of about 250. 

The integrating structure for the four tele- 
scope modules is shown in Figure 5-6. The 
experiment container houses the main support 
structure. The "X" frame member is attached 
to the spacecraft structure through four mount- 
ing lugs; i t  is also the member to  which the 
Wisconsin observing equipment is mounted. 

FIGURE 5-5. Uvicon television camera tube. 
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FIQURE 5-6. Integrating structure for Celescope. 

University of Wisconsin Experiment 

The experiment under development by the 
University of Wisconsin is directed toward the 
determination of the stellar energy distribution 
in the spectral region from 3000 to  800A and 
toward measurement of the emission line inten- 
sities of diffuse nebulae in the same spectral 
region. I n  addition to the above objectives, 
it  is thought that the equipment will provide 
the capability to follow up discoveries resulting 
from the Smithsonian mapping or early obser- 
vation obtained with the Wisconsin equipment 
on rocket flights. 

The equipment being developed by the Uni- 
versity of Wisconsin consists of three basic 
photometric systems : (1) a multicolor filter 
photometer system intended primarily for the 
measurement of stars and consisting of four 
8-inch telescopes, each telescope feeding a sepa- 
rate three-color filter photometer; (2) a multi- 
color filter photometer system intended pri- 
marily for nebulae and other extended-surface 
objects and consisting of one 16-inch telescope; 
and (3) a scanning spectrometer system em- 
ploying two objective grating spectrometers 
of approximately 6 X 8-inch aperture. Sche- 
matics of this equipment are shown in Figure 
5-7. 

The stellar photometer system consists of 
four %inch, f/4 off-axis parabolas located in 
pairs on diametrically opposite sides of the ex- 
periment cylinder. Each telescope feeds a 
separate filter photometer. The field of view 

of each photometer is determined by a selectable 
diaphragm stop located in the focal plane. 

The nebular photometer system consists of a 
single 16-inch f/2 parabola. The optical axis 
coincides with the axis of the experiment cylin- 
der, and the photometer is located at  the prime 
focus. As in the stellar systems, the field of 
view will be determined by a selectable dia- 
phragm. 

The scanning spectrometer system consists of 
an objective grating of approximately 6 x 8-inch 
aperture and a 7 x 10-inch parabolic objective 
that images a monochromatic image of the s tar  
on the photometer slit located behind the g a t -  
ing. The spectrometer employs a 300 line/m 
grating in the first order, blazed for 2000A; and 
a resolution of 10A is achievable. 

Goddard Space Flight Center Experiment 

The equipment to  be orbited in the second 
spacecraft is being developed by the Astrophy- 
sics Branch of GSFC and is designed to make 
iibsolute spectrophotometric measurements of 
stars and nebulae in the ultraviolet. The ex- 
periment will have the capability of operating 
in a. number of different modes. For example, 
i t  can be used to obtain both steady-state and 
time-dependent photometric data on stars or, 
for that matter, any celestial object except the 
Sun, Venus, Mercury, and objects fainter than 
11th magnitude. Because of this flexibility, it 
will be capable of obtaining information of use 
in numerous astronomical problems. 

FIGURE >7. Wisconsin experiment optical systems. 
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-1 schematic of this equipment is shown in 
Figure 5-8. The 36-inch primary mirror of 
tlie (':issegra i nia 1 1  telescope, n-11 i ch collects the 
light from the stars, is made of beryllium be- 
cause of its thernuil stability. This light is 
focused on the entrance slit of :I spectrograph 
that employs an 8 x %inch diffraction grating 
ruled 1200 lines/m on an  aspheric surface. The 
exit slits for 2, 8, and 64.1 spectral resolution 
will be provided. The result ing spectrum 
covers tlie range from 1000 to  &T,00A4. Six de- 
tectors, sensitive to different bands of ultra- 
violet radiation, are located so :is to be simul- 
taneously illumiiiated by different portions of 
the spectrum. 

FIGURE 5-8. Goddard experiment optical system. 

These detectors generate pulse at a rate pro- 
portioned to the intensity of the incident radia- 
tion. The spectrometer grating may be moved 
in discrete incren~ents so that the detectors are 
il1umin:ited by other portions of the spectrum. 
The system is designed such that there is 100- 
percent redundancy in the dntn collections un- 
less two physically :itljaceiit detectors are lost. 

The tine guidance system will provide the 
signals to the spacecraft control system when- 
ever accuracies between 1 minute of arc :ind 1 
secoiid of arc are required. 

Princeton University Experiment 

The third spacecraft will carry t lie equip- 
n~ent  being developed 1)y Princeton I-niwx~ity.  

According to present cosmogonical theories, 
the stars are condensed out of clouds of inter- 
stellar gas and dust. Therefore, it is of primary 
interest to understand the composition and 
physical conditions of this interstellar matter. 
Since most of the interstellar atoms absorb only 
in the far ultr:iviolet, with virtually no absorp- 
tion lines in the visible spectrum, the study of 
this interstellar gas will be measurably ad- 
\-anced by observations in the ultraviolet with 
high dispersion. The primary objective, then, 
is to provide quantit:itire observations of these 
ult ral-iolet lines. 

This system consists basically of three sub- 
systems : the telescope for collecting the radian 
energy, the spectrometer for the measurements, 
and the error sensor for precise orientation and 
guidance of the observatory. ,4 schematic of 
this instrument is sho\rn in Figure 5-9. 

FIIXJHE 5-9. Princeton experiment optical system. 

The optical system consists of a Casegraininn 
reflecting telescope feeding the entrance slit of 
a concave grating spectrometer. The fuzed 
quartz primary of the f/3 telescope will be 32 
inches in  diameter. The secondary mirror, 
wliicli has provisions for adjusting the focus, 
will provide an f/20 image for the spectro- 
p i p  h . 

The entrance slit and the concave grating of 
the  spectrograph tire fixed, and the photocells 
behind the exit slit will scan the spectrum along 
the Rowland circle, which has a radius of 
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50 centimeters. This will provide a dispersion

of 8A/mm in the first order. A fundamental

spectral resolving power of 0.1 and 0.4A is

planned.

The sensors will consist, of three sets of photo-

multipliers. Each set will consist of one photo-

multiplier for the 800 to 1500A band 'and a
second for the 1600 to 3000A band. One set of

ceils will be mounted at, the zero-order image to

monitor the amount of light passing the en-

trance slit; the second set will he mounted be-
hind the 0.1A wide slit; and the third set be-

hind the 0.4A slit.

A fine-error sensor is proposed that will center

the selected star image on the entrance slit of the

spectroscope to an accuracy of 0.1 second of arc.

This will be accomplished by having a two-

stage sensor, the output of which will control

the fine stabilization wheels of the spacecraft.

The first stage of this sensor, utilizing the light

reflected from the jaws of the entrance slit when

the star image falls outside the slit, should re-

duce a pointing error of up to 120 seconds of arc

to 0.6 second of arc. The second stage of the

MISSION OF ORBITING ASTRONOMICAL OBSERVATORY

sensor will provide the ultimate accuracy of 0.1
second of arc.

CONCLUDING 'REMARKS

As is apparent from this discussion of the

reasons for developing a system such as the

OAO and the specific objectives of the partici-

pating members of the scientific community, the

resulting effort represents a bold advance both

in the possibilities of rewarding scientific in-

formation and in the engineering breakthroughs

that must be accomplished before such a system

is a reality. The development of the spacecraft

and first three experiments is well along toward

the first major goal of producing a prototype

system. Although many technical problems

have been solved--or solutions appear to be

forthcoming, the difficulties of integration of

the systems, and proof that it will operate in

the required environments, is still to be accom-

plished. However, it appears at this time that

within the next 2 to 3 ye'lrs an astronomy ob-

servatory will be sending startling and new
revelations back to the earthbound astronomers.
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THE ENGINEERING DESIGN OF THE

ORBITING ASTRONOMICAL OBSERVATORY

The Orbiting Astronomical Observatory (OAO) is

designed to provide an accurately stabilized, unmanned

platform for astronomical observations from well

above the earth's atmosphere. Of primary immediate

interest is the observation of stellar radiation in the

ultraviolet range, which is severely limited even in bal-

loon experiments because of absorption in the ozone

layers. The OAO is a 3600-pound spacecraft that will

be placed in orbit by an Atlas Agena D. It can handle

optical systems up to 48 inches in diameter, 10 feet in

length, weighing 1000 pounds. The key design require-

ments of the spacecraft are discussed. The reasons

behind the configuration are then explained, followed

by a discussion of the major subsystems showing how

they have been designed to meet the exacting require-

ments of astronomical observation.

INTRODUCTION

The basic requirements of the OAO were

established by the Goddard Space Flight Center

(GSFC) with the assistance of some leading

astronomers.f The dimensions and weight are

basically a function of the size of optics re-

quired for useful experimentation, as limited by

available launch vehicle capabilities. Prelim-

inary studies by GSFC established that u 36-

inch-diameter optical system fell within the

capabilities of the Atlas Agena D and would

provide a useful observatory for many years to

come. High pointing accuracy along with an

ability to hold on a dim star for long periods of

time are important, requirements of stellar ob-

servation. In addition, a high-accuracy data

system is required for precise spectral measure-

ments. A carefully controlled temperature in

the optical system is required to minimize dis-

tortion, and a low temperature level is dictated

by most types of experiment sensors. An

by

WALTER H. SOOTT, jm,

Grumman Aircraft Engineering Oorporation

orbital altitude of 500 miles was selected to be

under the heavy Van Allen radiation belt but

high enough to avoid an excessive number of

ground installations. The above requirements
result in an expensive combination of launch

vehicle, spacecraft, and experiment. Therefore

emphasis has been placed on designing the

()AO for a long life and in maintaining a gen-

eral purpose type of spacecraft that could be

used for a variety of experiments with mini-

mum redesign and retesting.

CONFIGURATION

The external design of the OAO, shown in

Figures 6-1 and 6-2, consists of an octagonal

body 80 inches across the flats and 120 inches

high. The experiment is housed in a central

tube 48 inches in diameter extending the full

height of the body. Figure 6-1 shows the

spacecraft as designed for two experiments, one

viewing from each end. The standard con-

figuration would be a single experiment view-

ing from the forward end only. The sun shade

is closed over the experiment before and during
launch for protection. After orientation in

orbit, it is opened and protects the optical tube

from sunlight. It normally would never close

again unless a malfunction or a faulty program

should result in the optical axis approaching

the sun line, in which case the sun shade would

automatically close when an angle of less than

45 degrees to the sun line is reached. An ex-

*OAO Program Manager, Grumman Aircraft Engi-

neering Corp.

tSee previous paper by Messrs. Ziemer and Kup-

perian.
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GENERAL INFORMATION

GROSS WEIGHT - 3600 Ib

EMPTY WEIGHT - 2600 Ib

PAYLOAD - 1000 Ib

TOTAL SOLAR PADDLE AREA, 111.50 sq ft

VIEWING FIELD:

FWD. EXPERIMENT- 270 ° (EXCLUDING 90 ° CONE

TOWARD SUN)

AFT EXPERIMENT - 280 ° (EXCLUDING 90 ° CONE

TOWARD & AWAY FROM SUN)

SEPARATION FEET_--._--_ SECONDARY SUN SHADE

(EXP NO.2 ONLY)

0"

PRIMARY SUN SHADE = _-_-_

NARROW--BAND ANTENNA_

SOLAR CELL ARRAYS

SECONDARY SUN SHADE

(EXR NO.2 ONLY)

o-,,.
SEPARATION PLANE

]

_- 88 1/2" _-_
I sOLARCELL I
IAR' ¥S-F°LDEDI
I 254 3/|6" I '1

" 11951'/16"1 "11 WIDE- BAND ANTENNA

I } "--'80 3/16 ''_ J I I STAR ,, _ 168 5/8"_

I .._ 48" DIAM. I I TRACKER (6)-.. , \ .......z : I \-- MODLES
: t 45 1/2"

__ ,_.__ t___,_._ _ t _ .FWD,x ._.. "____.y AFT {(EXP NO 2 ONLY1

J N '--1_ .-_l_'_ _ I] I _ . EXP'"II33 3/4Lf _. J "" EXP-_"I....

ENV"EDLOAPME. _ _EXPERIMENT 5 |/2 ''-_J L_-Typ/ _ 2]7 1/4"

PADDLES FOLDED DOWN RANGE PACKAGE CG / _ SOLAR CELL ARRAYS-FOLDED

x

FIOUlCE 6--]. OAO general arrangement (double-ended experiment, spacecraft no. 1).

plosive jettison system is 1)rovided should the

actuator motor fail to open the sun shade after
launch.

The solar cell arrays are folded against the

body during launch, the entire assembly being

protected by a fiber glass fairing. Following

fairing ejection, the solar arrays are unfolded

to a fixed position by springs. The angle of the

paddles and the saw-tooth angle of the solar

cell modules were selected to provide the maxi-

mum area and the miuimum angle from the nor-
real to the sun line. Solar cells are mounted on

both sides of the paddles; and, when the sun

angle becomes excessive on one side, the observa-

tory is rolled 180 degrees to expose the other

side. The small penalty resulting from oblique

exposure to the sun was accepted to avoid nee-

chanical rotation of the paddies with attendant

problems of operation of bearings in a vacuum
and mass shift effects on stabilization.

The internal structure arrangement of the

OAO consists of a central tube surrounded by

vertical trusses and horizontal shelves. All pri-

mary structure is built of riveted or spot-welded

aluminum alloy. Many of the sheet-metal mem-

bel_s are chemically milled to save weight.

Bonded aluminum honeycomb is used in many

areas, such as the solar paddles, sun shades,

and equipment shelves, where high rigidity is

required. The structural arrangement of the

OAO is shown in Figure 6-3. The bays formed

by the trusses and shelves provide the volume

for the spacecraft equipment. Tim stabiliza-

tion requirements for the OAO have dictated

an extremely conserwttive design and manu-

facturing apl)roach that avoids permanent set
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FIGURE 6-2. OAO suspended for moment of intertia 
measurements. 

or joint slippage under launch loads. Rigid 
assembly fixtures are required, along with the 
most advanced techniques of optical tooling 
and alignment. 

THERMAL DESIGN 

The thermal design of the O h 0  is a passive 
one in that a minimum of electric heaters are 
used and no automatic adjustments such asvari- 
able louvers are made in the radiation surfaces 
of the spacecraft. The hasic scheme is to  isolate 
the spacecraft structnre from external thermal 
effects of the sun, earth, and space and from in- 
ternal heat-generating electronic equipment by 
means of radiation shields. The internal insula- 
tion consists of multiple layers of aluminized 
Mylar. External insulation is provided by the 
thermally isolated outer skins and by insulated 
or shielded exposed fittings and equipment. 
This approach has proved to be so successful 
that t,he best thermal configuration for the ex- FIGCRE 6-3. 0.40 structural arrangement. 

periment is achieved when the experiment is 
coupled conductively to the spacecraft structure. 
The primary temperature variations in the ex- 
periment then result from radiation in and out 
of the open end of the experimental tube, and 
can be reduced to not over +15O C by shielding 
the experiment structure. Further reductions in 
temperature variations can be obtained by care- 
fu l  programming of the observatory viewing 
angles with respect to the sun and earth. 

I n  addition to providing the proper environ- 
ment for t,he experiment and minimum distor- 
tion of the structure, i t  is important that the 
electronic equipment, be maintained within 
t,emperatnre limits for most reliable oper a t' ion 
(0" to 160" F). The structure cannot be used as 
a heat sink for electronic equipment; therefore 
all electronic packages are designed so that heat 
is conducted to the outer surface of each box, 
which serves as a heat sink and a radiator to the 
outer skin. Heat flow is adjusted by means of 
paint patterns on the heat-sink surface. The 
outer skin of the OAO is a radiation shield for 
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the entire spacecraft; i t  is a thin aluminum sur- 
face with a finished design to both reflect solar 
radiation and provide a radiating surface for 
internal equipment. 

The above system of thermal control can be 
maintained only through careful design of stray 
conduction and radiation paths. Protruding 
fittings such as solar paddle latches and hinges 
are built of fiber glass and titanium for low con- 
ductivity. All outer skins are attached to the 
structure by Teflon fittings. Equipment 
mounts are fiber glass, and internal wiring and 
tubing are clamped to fiber glass supports that  
are gold plated to avoid external radiation 
bounce paths. 

A 5-week thermal vacuum test of a full-scale 
OAO with simulated equipment has proved 
that an experiment temperature of -30" C 
with a tolerance of &15" C can be attained, that 
electronic equipment temperatures mill not ex- 
ceed a 0" to 160' F range, and that the struc- 
tural distortions are within tolerances for the 
pointing requirements of the OAO. A photo- 
graph of the OAO being lowered into the cham- 
ber is shown in Figure 6 4 .  

STABILIZATION AND CONTROL 

Follon-ing booster separation, the OAO 
stabilization system must first reduce the sep- 
aration tumbling rates and stabilize on the sun. 
Following sun stabilization, a stellar reference 
is established. The OAO is then rotated or 
slewed to the desired pointing direction for  the 
experiment. This pointing direction must then 
be maintained with great precision for  long 
periods of time. Following each observation, 
the OAO is slewed to a. new pointing direction 
in accordance with real-time or stored com- 
mands. 

The equipment used to perform these func- 
tions can be conveniently divided into the cate- 
gories of sensors and torquers. The primary 
sensors consist of rate gyros to measure initial 
tumbling rates, solar sensors to establish sun 
direction, and six gimbaled star trackers. The 
latter are capable of acquiring selected guide 
stars and tracking them continuously, measur- 
ing their bearing with respect to the spacecraft 
axes. For final rernier or fine pointing, the 

. 

FIGURE 6-4. Lowering the OAO into the thermal 
vacuum chamber as  viewed from inside chamber 
(waffle-surfaced walls are liquid nitrogen cold 
walls). 

optics of the experiment may be used to pro- 
vide fine-error signals to the control system. 
As a backup to the nbore sensors, a wide-angle 
T V  camera with a reticle for angle measure- 
ment and a rigid star tracker, bore-sighted to 
the optical axis of the experiment, are provided. 
The torquers consist of a high-thrust nitrogen 
gas jet system for initial stabilization on the 
sun, a coarse momentum wheel system for slew- 
ing and coarse pointing using the star trackers 
:is sensors, and a fine momentum wheel system 
used primarily for fine pointing using error 
signals from the experiment. 

The OAO will encounter small external dis- 
turbance torques due to gravitational torques 
resulting from mass unbalance, magnetic 
torques due to the reaction of current loops in 
the spacecraft to the earth's magnetic field, 
aerodynamic torques resulting from the small 
residual atmosphere at the orbital altitude, and 
torques due to unbalanced solar pressure. 
These torques, although small-totaling less 
than 0.01 in.-lb, become significant if they are 
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sustained in one direction over a long period of 
time. The result is a gradual increase in  
momentum wheel speed until the maximum 
speed is reached. T o  unload the wheels, a low- 
thrust jet system is provided, operating from 
stored dry nitrogen. A total of 32 pounds of 
nitrogen a t  3500 psi is stored aboard the OAO 
for the high- and low-thrust jets. As a backup 
to the jet unloading system, :L novel magnetic 
unloading system that, uses magnetometers to 
sense the instantaneous direction of the earth’s 
field is provided. A computer then propor- 
tions current t o  a set of three orthogonal coils 
that interact with the earth’s magnetic field to 
produce the desired unloading torque. 

The key to the stabilization system is the 
gimbaled star tracker, which must be able to 
point the OAO to an accuracy of 1 minute of 
arc and maintain the pointing direction within 
15 arc seconds for  50 minutes of time. This 
accuracy is required to assure that the desired 
target stars will remain within the field of view 
of the experiment optics. Using the experi- 
ment as an error source, the fine momentum 
wheels are then capable of holding an accuracy 
of 0.1 arc second. 

The star tracker consists of a small 3.5-inch- 
diameter reflecting telescope mounted in two 
degree-of-f reedom mechanical gimbals. The 
incoming star image is split into two light 
beams to provide error signals about the two 
gimbal axes. The errors are determined by a 
novel system of vibrating reeds, which modulate 
the light received by a photomultiplier. The 
resulting error signals are used to drive the dc 
torquer motors on the gimbal axes. Gimbal 
angles are measured by variable capacitance 
transducers, which have a resolution npproach- 
ing 5 arc seconds. The entire star tracker is 
sealed within a glass dome; and, since i t  is ex- 
posed, it must withstand a wide range of tem- 
perature conditions. A star tracker is shown in 
Figure 6-5 miniis the dome. Six star trackers 
are provided, looking along the plus and minus 
directions of the three axes. The maximum 
gimbal motion is k 4 5  degrees. Although only 
two trackers are sufficient to provide pointing 
information under ideal conditions, the in- 
creased number is provided to allow for occul- 

FIGURE 6-5. Gimbaled star tracker with glass dome 
removed (view looking down telescope axis showing 
half-mirror ) . Manufactured by Kollsman Instru- 
ment Company. 

tation of guide stars by the earth, maintenance 
of reference while shifting guide stars, and 
redundancy for long life. 

As is the case of most complex stabilization 
systems, the simulation and test programs are 
as difficult to design and plan as the system it- 
self. With the many variables that exist in the 
system, a complex analog-digital simulation* 
was required to prove system operation and 
stability. I n  addition, an advanced test facil- 
ity,? which will be used to  test the actual hard- 
ware under conditions closely simulating orbital 
operation, is nearing completion (Figure 6-6). 
The complete spacecraft, electronic system is 
being installed on a rigid platform that is pre- 
cisely balanced on a 22-inch-diameter air bear- 
ing. The air bearing consists of a hollow 
stainless-steel ball that  has been lapped to less 
than 0.0001-inch error in sphericity and is sup- 
ported by air pressure in a cast epoxy socket. 

*Zetkor, G., and Fleisig, R., “Dynamic Analysis of 
OAO Spacecraft Motion by Analog-Digital Simulation,” 
in : I R E  Internat. Convention Record, N e w  York,  
Marcli 1962, New York: Institute of Radio Engineers, 

f Imgram, D. A,, Stern, E., and Ziemer, R. R., “Ile- 
sign and Testing of an Ultra-High Accuracy Satellite 
Stabilization and Control System for the Orbiting As- 
tronomical Observatory,” in : Proc. 13th Intemut .  As- 
tronavtiral Congress, Varna, RvZgaria, Septcmhcr 1962, 
Vienna : Springer-Verlag (To be published). 

1962, V0110, Pt. 5, pp. 282-296. 
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FIGURE 6 4 .  Ihawing of space stabilization simulator 
(under construction ; scheduled for completion Janu- 
ary 1, 1963). 

The complete simulator is installed in a 22-foot- 
diameter vacuum sphere to avoid thermal cur- 
rents and other extraneous air forces. The 
vacuum sphere in turn is mounted on a 120-ton 
seismic foundation. Large Helmholtz coils 
within the sphere are used to simulate the 
earth’s magnetic field under orbital conditions. 
A solar simulator and collimated star simulators 
complete the facility. It will be possible to op- 
erate the complete 0-40 system from a nearby 
ground station, using the actual spacecraft ratio 
links under disturbance torque conditions 
closely approaching those predicted for flight. 

COMMUNICATIONS AND GROUND 
OPERATIONS 

Programs for observatory in-orbit operations 
will be initially prepared in approximate form 
by the experimenters. These programs will 
then be converted to  digital commands by a 
large computer a t  the Goddard Space Flight 
Center, where the central control station will be 
located, Figure 6-7. The program will include 

commands for general housekeeping aboard the 
observatory, such as equipment turn on and off 
and power conservation measures. The large 
digital computer mill also predict future status 
data values, such as equipment temperatures, 
battery charge status, voltages, and currents for 
subsequent comparison with actual transmis- 
sions from the OI4O. The prepared programs 
:ire formrded  to remote stations by microwave 
or teletype, where they are stored for future use. 
The three remote stations will be located at Ros- 
man, North Carolina; Quito, Ecuador; and 
Santiago, Chile. The locations were chosen to 
provide at  least one contact with the observa- 
tory on each orbit. The OAO has a 100-minute 
orbit, of which 8 to 10 minutes will be contact 
with a ground station. A small digital com- 
puter is installed at  each remote station to store 
commands, process status data, and feed infor- 
mation to the displays. The observatory orbit 
and its approach to a ground station are sig- 
naled by a tracking beacon transmitting a t  136 
Me. When the observatory is within line of 
sight, commands are transmitted in digital 
form at  1042 bits/sec over the command link. 
Two beacons and four command receivers are 
carried on the 0 , iO to provide redundancy for 
long life. Commands are verified by echoing 
commands back to the ground. The comple- 
ment of each command is also transmitted to 
the observatory where a bit-by-bit comparison 
is made. 

FIGL~RE G7.  Prototype central control station showing 
Manufactured by Westing- displays and computer. 

house Air Arm. 
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Information from the OAO is transmitted to

the ground by both a 1042 bits/see digital nar-

row-band telemetry link transmitting at 136

Mc and an analog or digital wide-bank telem-

etry link transmitting at 400 Mc. The narrow-

band link is a PCM system used primarily for
spacecraft status data that are monitored on the

ground and compared with predictions to rood-

ify future programs, investigate malfunctions

and, if necessary, institute an emergency

"HOLD" program already stored aboard the

OAO. The wide-band transmitter is the pri-

mary link for the experimenters' data. The ex-

perimenters' data storage is read out at a 50,000

bit/sec rate over this link. Experimenters' sta-

tus data are transmited at 1042 bits/see. Analog

data from the experiment or from the stellar
television camera are also handled over the

wide-band link and can be used for real-time

operation of the experiment when within range

of a ground station. Two wide-band and two

narrow-band transmitters provide redundancy

DESIGN OF ORBITING ASTRONOMICAL OBSERVATORY

for long life. Digital data can also be routed

through either link in the event of complete loss
of one link.

Antenna configurations have been developed

and tested in an anechoic chamber to provide

excellent, spherical coverage. Beacon and

narrow-band transmissions are handled by slot

antennas in the solar arrays. The wide-band

antennas consist of pitchfork configurations

mounted on the sides of the body.

DATA PROCESSING

The data processing system of the OAO is

designed to handle all data going to and from

the observatory, including commands, experi-

menters' data, and status data on both the space-

craft and the experiment. It also includes two

magnetic core storages : one for storing delayed

commands, and the other for experimenters'

data obtained while operating out of line-of-

sight of a ground station. A block diagram of

the system is shown in Figure 6-8.
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FIGURE 6--8. Data processing subsystem.
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The command receiver relays commands to

the decoder and distributor, which verifies, de-

codes, and routes commands either directly to

the appropriate subsystem in the case of real-

time operations or to the command storage for

the delayed mode. Each command word con-

sists of 32 bits, of which 30 bits contain com-

mand information. Seven types of commands

are handled, of which a typical command would

be a gimbal angle command to a star tracker.

This command would be composed of the fol-

lowing two 32-bit words :

First Word

Bits I and 2

Bit 3

Bits 4, 5, 6

Bits 7, 8

Bits 9 through 17

Bits 18 through 25

Bit 26

Bits 27 through 31

Bit 32

Second Word

Bits 1 and 2

Bits 3 through 17

Bits 18 through 32

Registration

Real-time or Delayed Mode

Operation Code (Command

Type)
Unused
Execution Time
Address
Unused
Star Tracker Selection Code
Unused

Registration

Inner Gimbal Angle

Outer Gimbal Angle

The command storage can store 128 command

words and has quadruple redundancy for long

life. Both the command storage and the sepa-

rate data storage are constructed of double-

aperture ferrite cores that provide nondestruc-

tive readout, permitting periodic check readouts

of the command memory for verification.

The data processor also contains a system

clock that provides timing and synchronization

signals for observatory equipment, and delay

line logic--which is used to store gimbal angles

for use in the stabilization and control system.

Experimenters' data, and both the experiment

and spacecraft status data, are handled by

equipments that are relatively separate from

the main spacecraft command system. The ex-

periment data handling equipment can transfer

data directly to the wide-band transmitter, and

the spacecraft data handling equipment can

operate directly through the narrow-band trans-

mitter-the object being to provide multiple

paths in case of malfunctions. These equip-

ments contain analog gates, digital gates,

analog-digital encoders, programmers, shift

registers, and a clock. The function of the

equipments is to gather and prepare data in a
suitable format for transmission or storage.

The data storage is arranged in two halves

that can be operated in either a redundant or
nonredundant mode. The total storage capa-

bility is 204,800 bits and is made up of two ar-

rays of 64 x 64 planes, 25 planes in depth--

thus providing for 8192 data words of 25 bits.

Data are stored by means of 25 parallel lines

from the experimenters' and spacecraft data

handling equipment. Readout to the ground

is handled through the data programmer,
which establishes word format and maintains

synchronization.

The programmer and star tracker signal con-

troller furnishes the stabilization system with

sequencing control of the star tracking stabiliza-

tion modes. It can inhibit the error signal of

a malfunctioning star tracker and indicates

successful star acquisition. It is considered a

part of the data processing system because of

its digital nature, although its primary func-

tions are more closely related to the stabiliza-

tion and control system.

Design and construction techniques used in

the data processing system are of particular

interest. All digital equipment makes use of

"quad redundant" circuitry for maximum re-

liability. Circuits are packaged in welded

module form, encapsulated, and interconnected

by printed circuit boards. Similar redundant
circuit and welded module techniques are

used wherever possible in other spacecraft

subsystems.
POWER SUPPLY

The OAO is powered by silicon solar cells.

An excess of power is generated during the

sunlit part of the orbit and is stored in nickel-

cadmium batteries for use during the dark part

of the orbit. A battery charge and sequence

controller controls the charging of the three

20 amp-hr batteries and selects the proper bat-

tery for use. A central power supply system

consisting of a voltage regulator-converter and

an inverter supplies all spacecraft and experi-

ment requirements. The solar cells are p-n

type, consisting of an n-type silicon wafer onto
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which is diffused a p-type boron layer. Thir-

teen percent efficiency cells are used (tungsten

light measurement) with a 6-mil cover glass

providing radiation protection. A total of ap-

proximately 60,000 cells is used to generate a

power of 680 watts under the most unfavorable

orientation of the fixed paddles (37 degrees

away from the normal). The cells are arranged

to provide an unregulated voltage of 28 volts.

Nickel-cadmium batteries were specified by

GSFC because of good past experience in their

ability to withstand thousands of charging

cycles. The cell and battery under develop-

ment for the OAO have been described by Shair

and Gray.* Under normal operation, only one

battery powers the observatory. The other two

are periodically trickle-charged. If the volt-

age of the operating battery drops below 23

volts, a reserve battery is switched-in by the

charge controller. The upper value of voltage

from the solar array is limited to 34 volts by

the charge controller, which establishes the

limits of the unregulated bus as 23 to 34 volts.

The average depth of discharge for a battery

during a typical orbit is 40 percent.

The voltage regulator and converter supplies

all dc requirements of the OAO. Output volt-

ages are +28, +18, +10, -10, and -28 volts.

The inverter supplies three, two, and single

phase current at 400 cycles and 26 volts.

]Depending on the amount of equipment op-

erating and their duty cycles, the total load will

vary from 295 to 360 watts. The battery charge

efficiency of 70 percent results in additional

losses of 46 to 56 watts with a resulting total

load of 341 to 416 watts. Using a conserva-

tive 60-percent-sunlight orbit and allowing for

other inefficiencies in the system, the power in-

put required from the solar cell array varies

from 600 to 720 watts. For an 80-percent-

sunlight orbit, the maximum power require-

ment is 580 watts. This compares with a solar

*Shair, R. C., and Gray, W., "Hermetically Sealed

Nickel-Cadmium Batteries for the Orbiting Astrono_n-
ical Observatory Satellite," Paper presented at the

Amer. Rocket Soc. Space Power Systems Conf., Santa
Monica, Calif., September 2,5-28, 1962, ARS Preprint
2508-62.
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array output varying from 680 to 820 watts

for the maximum range of sun incidence angles.

ADDITIONAL DESIGN CONSIDERATIONS

Experiments are packaged in an experiment
container that provides the basic structure to

align the experiment to the spacecraft structure

and in addition provides a lightweight sealed

dust cover that is maintained under positive

pressure, with dry nitrogen on the ground to

protect the optics. Mobile ground handling

equipment has been designed to protect both

the experiment and the spacecraft from the

handling loads involved in shipping them to

GSFC and, finally, to the Atlantic Missile

Range.

A mobile set of checkout equipment is de-

signed to support each flight spacecraft in the

field. The equipment, which is installed in a

truck trailer, is similar to the ground opera-

tional equipment in that it serves a similar func-

tion during observatory checkouts.

CONCLUSIONS

It is too early in the program to present final

conclusions on the OAO; however, certain ten-
tative conclusions can be reached on the basis

of design, manufacturing, and test work com-

pleted to date :

1. The feasibility of the OAO design has

been proven, and the critical initi._l perform-

ance requirements have been maintained

through the detail design and early testing

phases of the program.

2. The structure and thermal design of the

OAO have been proven over the full range of
environments and demonstrates that satisfac-

tory alignment can be maintained through the

launch phase and that the passive thermal de-

sign will satisfy both experiment, equipment,

and structural requirements.

3. The effectiveness of long-life design by

use of redundancy from the black box level

down to, and including, detail circuit design

can be proven only with additional experience;

however, early test results offer hope of major

gains from this approach.

,/
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